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in  all  the  ttr.Tion  solvents  tried  except  for  DMSO  in  which 
they  are  slightly  soluhie.  Molecular  weight  and  conduct- 
ivity studies  carried  out  in  DMSO  indicated  partial  ionic 
dissociation  of  the  coitplexes.  "he  free  ligand  was  never 
synthesized  directly  nor  was  it  isolated  from  the  complex 
in  spite  of  numerous  attempts  to  do  so.  The  differences 
between  these  closely  related  macroeyclic  complexes  in  the 
Biagnetic  susceptibility  and  ultraviolet-visible  spectra  are 
interpreted  in  terns  of  a slight  puchering  of  (I).  The 
ateric  interaction  is  inferred  from  a consideration  of  the 
Framework  Molecular  Model. 

h related  ligand,  2, 5,11 ,14-tetramethyl-3 , 4 ,12 ,13,19 ,20- 
hexaazatricyclo [13.3.1.1*' ‘'3eicosa-l (IS) ,2,4 .6,8,10(20) ,- 
11,13,15,17-decaene,  was  prepared  as  its  nickel  til) chloride 
complex  (III)  and  partially  characterised  by  its  elemental 
analysis  and  infrared  and  magnetic  susceptibility  measure- 
ments. The  room  temperature  magnetic  moment  is  1.03  D.M. 

No  assignment  was  made  to  explain  the  anomalous  value,  but 
due  to  the  similarity  of  the  complex  to  (I)  and  (II),  it 
may  be  arising  from  the  same  phenomenon. 

A series  of  Ni(Il]  and  CudZ)  complexea  with  o.o^di- 
amlnoazobsnzenc  (OOOAAB)  were  prepared  and  characterized. 

The  ligand,  which  occupies  three  bonding  sites,  loses  a pro- 
ton upon  chelation.  The  fourth  coordination  site  is  occupied 
by  the  anion  of  the  metal  salt  used  in  the  preparation  to 
give  a neutral,  monomeric  complex.  Based  upon  the  diamag* 


complexes  prepared,  the  complexes 


consiflered  to  ba  of  essentially  planar  gaoraetry.  The  eoa- 
plexos  were  characterited  by  their  infrared,  ultraviolet 
and  visible  spectra,  ciagnetic  susceptibilities,  molecular 
weights  and  elemental  compositions.  It  was  also  demon- 
strated that  the  complexes  would  serve  as  useful  starting 
materials  for  the  preparation  of  macrocycles. 


CHAPTER 


INTRODUCTION 

A mactocycllc  complex  is  one  in  which  the  metal  ion  is 
enolosea  by  a ligand  which  Is  itself  a closed  ring.  Coordina- 
tion complexes  in  which  metal  ion  centers  are  bound  by  orgemlc 
macrocyclic  ligands  have  been  known  for  over  sixty  years, 
but  only  during  the  past  decade  have  a significant  number  of 
these  now  complexes  been  designed,  prepared  and  investigated. 
The  first  examples  to  be  investigated  were  the  naturally 
occurring  porphyrin  or  corrin  ring  types  (I  and  11,  p.  159). 
Several  reviews'"*  have  sumaarieed  the  chemistry  of  these 
important  complexes. 

In  addition  to  being  involved  in  a variety  of  catalytic 
and  ensymatlc  reactions,’  macrocyclic  complexes  are  known  to 
function  in  at  least  three  additional  major  biological  activ- 
ities. Matal  complexes  are  involved  in  material  transfer 
such  as  oxygen  transport  by  hemoglobin,  in  material  storage 
such  as  that  of  iron  by  ferritin  and  in  energy  transfer  as 
performed  by  the  chlorophyll  systems.  Some  workers  have  also 
proposed  that  a macrocyclic  complex  is  involved  in  natural 
nitrogen  fixation.'  Additional  review  articles  concerning 
various  aspects  of  the  coordination  chemistry  of  macrocyclic 
ligands  reflect  the  Increased  attention  this  class  of  compounds 
has  attracted.’""  In  fact,  the  entire  Volume  100  of  Advances 


dedicated 
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of  metal  complaxea,  many  o£  which  are  mscrocyelio  complexes. 

The  involve.ment  of  this  class  of  complexes  in  biological 
processes  lends  appeal  to  their  investigation  as  the  under- 
standing of  life  has  always  been  one  of  man’s  greatest  aspira- 
tions. Thus,  knowledge  of  the  properties  and  behavior  of 
maorocyclic  complexes  is  desirable  for  the  luiderstanding  it 
may  impart  to  biological  behavior.  Such  knowledge  should 
also  contribute  to  the  preparation  of  synthetic  systems  use- 
ful for  the  treatment  or  study  of  biological  irregularities 
once  they  are  outlined.  Functional  biological  systems  featur- 
ing maorocyclic  coordination  are  e.xtremely  complex.  As  a 
result,  attempts  to  separate  and  identify  the  salient  influ- 
ences due  to  the  natural  macrocycles  are  often  difficult  or 
inconclusive.  This  dile-tina  can  be  partially  elroumvented  by 
the  use  of  synthetic  models.  Because  of  their  relative  sim- 
plicity, synthetic  models  sometimes  allow  the  identification 
of  a single  crucial  factor  or  among  a large  number  of  possi- 
bilities. Recently,  separate  articles  by  Busch, Schrauaer 
and  .Allen'"  exemplify  how  research  on  synthetic  systems  can 
present  new  apptoac.hss  to  understanding  biological  ones.  Al- 
though a fairly  limited  a-tourt  of  research  has  been  reported 
to  date,  for  the  above  and  more  purely  chemical  reasons,  the 
number  of  synthetic  macrocyclic  systems  continues  to  increase, 
leading  to  the  expectation  of  a wealth  of  fruitful  data. 

Two  characteristics  which  have  distinguished  macrocycles 
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T.tis  IS  reflected  in  “n«ir  resiatanca  to  thenoal  decoiaposition 
and  hydrolysis  under  acidic  or  basic  conditions.  Curtis 
noted  these  characteristics  in  a product  formed  by  the  reaction 
of  trisethylenedianinenichelUDperchlorate  with  the  solvent 
anhydrous  acetone.”  The  proposed  structure  was  disputed 
when  the  stability  to  hydrolysis  was  noted  and  compared  to 
other  seemingly  similar  complexes. ““  The  complex  produced 
was  correctly  described  as  a quadridentate  ntacrocycle  which 
constituted  the  first  new  series  of  complexes  of  this  clans 
to  be  developed  synthetically  since  the  phthalecyaninea . ^ ‘ 
Curtis*  study  represented  a rather  fortuitous  preparation  of 
a macrocycle  whereas  it  has  been  the  purpose  of  later  investi- 
gations to  systematically  design  and  prepara  synthetic  macro- 
cyclic  complexes. 

Most  macrocyclic  ligands  isolated  or  synthesized  thus 
far  are  tetradentate  and  approximately  planar.  The  donor 
atoms  must  be  positioned  regularly  around  tha  ligand  so  that 
the  individual  chelata  rings  (including  the  metal  centerj 

Complexes  have  bean  prepared  with  first  row  transition  metal 
centers  in  their  common  oxidation  states  using  ligands  con- 
taining 13-lS  atoms  in  the  primary  skeleton  and  having  all 
nitrogen  donor  sites.  Some  nacrocycles  are  known  in 
which  same  or  all  of  the  donor  functions  are  oxygen  or  sulfur 
atoms. The  optimum  ring  size  is  surely  e function  of 
the  "hole”  into  which  the  metal  must  fit.  Thus  larger  metal 
and  third  row  transition  elemantsj  or  larger 
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jonor  atons  (including  sulfur,  phosphornus,  or  arssnic)  are 
likely  to  require  a larger  ring.  Recent  work  in  which  all 
sulfur  donors  were  used  instead  of  nitrogen  doaonatratea 
that  the  minimum  number  of  atoms  in  the  ring  must  be  greater 
chan  13  atoms  in  order  to  encomoasa  first  row  transition 
metals.^'  Smaller  rings  may  still  function  as  chelating 
agents  but  must  assume  a folded  (non-planar)  form  and  thus 
do  not  circumscribe  the  metal  ion. ’ The  literature  also 
contains  examples  of  pentadentate , sexadentate,  and  higher 
oolydentate  macrocycles. * * However,  due  to  the  exhibited 
biological  inportanoe  of  quadridentate  macrocycles,  the 
emphasis  here  will  be  focused  on  these  systems  which  co- 
ordinate the  metal  at  approximately  co-planar  positions. 

Naturally  occuring  macrocyclie  complexes  such  as  chloro- 
phyll, hemoglobin  and  vitamin  Bu  are  all  characterized  by 
4 high  degree  of  unsaturation  in  the  organic  Skelton  eneom- 
jaasing  the  metal  ion.  Many  of  the  highly  conjugated  natural 
systems  such  as  porphyrin  skeleton  satisfy  the  Huckel  criterion 
4n  • 2 oi-electrons  allowing  for  aromaticity  in  the  organic 
'ng.  In  isolated  organic  molecules,  the  aromatic  character 
suiting  from  4n  + 2 £i-electrons  seems  to  yield  extra 
ihility  to  the  systems,*'  and  this  may  also  be  present  in 

Extra  stability  can  be  imparted  to  the  ligand-matal  bond 
•n  coordination  of  a donor  atom  to  the  central  metal  ion 
certain  requirements  are  met.*'  The  essential  requisites 
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orbit’.ls  (prssasiin;  the  axt»  system  is  defined  such  that  the 
organic  macroeycle  is  coordinated  in  the  xy  plane)  and  2)  the 
ligand  contains  pi-antiloondinq  molecular  orbitals  of  proper 
ayruaetry  to  which  the  contribution  of  the  donor  metal  atom 
is  finite.  These  two  criteria  allow  back  donation  of  the 
d-electrons  from  the  metal  to  the  pi-antibonding  orbitala  of 
the  ligand  resulting,  in  essence,  in  a double  bond  character 
of  the  metal-ligand  bondi  thua  the  metal -donor  interaction 
ie  enhanced.  The  Synergic  Effect”  is  operative  and  serves 
to  strengthen  the  bonding  between  the  metel  and  the  ligand 
to  an  even  greater  extent.  This  effect  may  bo  viewed  in  the 
following  manners  as  electron  density  is  donated  from  the 
metal  and/or  orbitals  into  the  ligand  pl-antibonding 
orbitala,  the  metal  becomes  more  able  to  accept  sigma  electron 
density  from  the  ligand.  Furthermore,  as  a consequence  of 
the  ligand  sigma  donation  the  ligand  is  more  able  to  accept 
pi-electron  density.  Thus,  mutual  enhancement  of  the  donation 
and  acceptance  of  electron  density  occurs  between  the  metal 
and  ligand.  The  formation  of  the  double  bond  is  apparently 
responsible  for  the  unexpected  stability  of  carbon  monoxide” 
complexes  and  for  the  existence  of  molecular  nitrogen”  com- 
plexes since  the  sigma  donation  of  these  two  ligands  is  ex- 
tremely weak  when  they  are  bound  to  the  metal  in  an  end-on 
fashion.  This  rationalisation  is  eonsistant  with  a reduction 
of  the  stretching  frequencies  of  the  C-O  and  N-S  bonds  upon 
coordination  which  indicates  the  donation  of  electron  density 
into  the  antibonding  oi  system  of  the  ligands,  hence  the 


apparent  double  bond  cnaiactar  of  the  coordinate  bond.  Thus, 
it  is  apparent  that  significant  double  bond  character  can  be 
inparted  to  oictal-Iigand  bonds.  The  imine  linkage  frequently 
occurring  in  natural  systems  meets  the  criteria  listed  above 
and,  indeed,  experiments  have  shown  that  there  appears  to  be 
considerable  stabilization  of  the  metal-ligand  bond  through 
partial  double  bond  formation.’^ 

Another  factor  tending  to  enhance  the  stability  of 
macrocyclic  complexes  is  the  chelate  effect.  That  is,  s 
metal  chelate  complex  is  more  stable  than  a related  complex 
containing  only  unidentate  ligands. This  effect  is 
commonly  divided  into  an  enthalpy  and  an  entropy  contribution. 
The  enthalpy  consideration  arises  from  the  greater  crystal 
field  splitting  produced  by  the  multidentace  ligand. The 
source  of  the  enthalpy  contribution  is  not  entirely  agreed 
upon,  but  it  is  possible  that  when  double  bonding  is  present 
in  the  raetal-ligand  interaction,  the  stability  may  partially 
arise  from  the  extra  crystal  field  splitting  caused  by  the 
interaction  of  the  t^^  orbitals  of  the  metal  in  these 
systems.  “ In  a molecular  orbital  diagram  for  an  octahedrally 
coordinated  system,  the  difference  in  energy  between  the 
and  e orbitals  of  the  metal  is  increased  when  the  ligand 
orbitals  of  gl  symmetry  are  unfilled  and  higher  in  energy 
than  Che  orbitals  contained  on  the  metal.  This  situation 
la  likely  Co  be  realized  in  most  chelates  involving  donor 
molecules,  and  thus  there  should  be  an  increased  crystal  field 
stabilisation  accounting  for  part  of  the  enthalpy  effect. 


As  s greater  degree  o£  order  results  when  a complex  is 
formed  from  a large  number  of  species  than  from  a small  number, 
complexes  of  multidentate  ligands  are  entrophically  preferred 
over  those  of  unxdentate  ligands. Regardless  of  the  explans'- 
tion  chosen,  and  in  fact  they  may  both  be  operative,  there 
is  a stabilization  of  a chelate  system  relative  to  a similar, 
reonodentate  complex. 

One  other  way  of  viewing  the  entropy  effect  may  be 
based  again  on  probability  grounds.  In  a chelating  ligand, 
if  one  of  the  donors  dissociates  from  the  metal  center,  it 
is  likely  to  be  held  in  close  proximity  of  the  metal  ion  since 
one  or  more  of  the  additional  donors  will  hold  the  chelate 
molecule  to  the  metal.  This  allows  the  dissociated  donor  to 
later  become  recoordinaced  whereas  for  a monodentate  ligand, 
the  remaining  complex  and  ligand  can  become  separated  upon 
dissociation.  Following  this  rationale,  the  planarity  forced 
on  the  basic  organic  ring  of  conjugated  macrocycles  ridgidly 
holds  a dissociated  donor  In  the  vicinity  of  the  metal  until 
recoordlnation  takes  place.  Since  the  basic  ligand  is  almost 
inflexible  about  the  metal  ion,  it  is  possible  that  a donor 
in  the  plane  of  the  molecule  can  rarely  be  defined  as  truly 
dissociated  as  long  as  one  or  more  of  the  other  donor  atoms 
remain  coordinated.  Most  likely,  a combination  of  all  the 
above  effects  result  in  the  exceptional  stability  and  inert- 
ness of  macrocyclic  complexes.  ' 

Both  the  size  and  the  polyfunctionality  of  the  primary 
organic  ri.ng  structure  complicate  synthetic  routes  for  the 


preparation  of  the  ligand.  Constraints  are  placed  on  the 
relative  positions  of  the  donor  atoms  with  respect  to  each 
other,  to  the  central  metal  and  to  the  other  components  of 
the  ring.  Steric  interactions  between  ring  substituents 
may  either  permit  or  prevent  folding  of  the  basic  ligand 
ring,  thus  controlling  the  possible  modes  of  coordination. 

TI>e  positions  of  additional  ligands  in  the  complex  nay  be 
affected  in  turn  by  the  mode  of  coordination,  or  conversely, 
their  presence  may  affect  the  mode  of  coordination  for  the 

The  design  of  chelating  agents  also  requires  awareness 
of  the  sterio  effects  of  unsatoration  in  the  ring  system. 

A number  of  the  synthetic  nacrocycles,  and,  indeed  many  of 
the  naturally  occurring  ones,  exhibit  a high  degree  of  con* 
jugation  wiithin  the  basic  ring,  resulting  in  extensive 
electron  delocalization.  The  additional  stability  present 
as  a result  of  the  bonding  was  examined  previously.  Here, 
structural  consideration  of  the  conjugation  will  be  viewed. 
Conformationally,  the  most  drastic  effect  of  conjugation  is 
the  dictation  of  a nearly  planar  ligand  system.  This  constraint 
is  reinforced  by  the  geometrical  requirement  of  the  metal 
which  dictates  that  the  four  donor  atoms  in  the  xy  plane  of 
the  complex  be  capable  of  assuming  an  essentially  planar 
array,  although  this  alone  does  not  impose  any  restrictions 
on  how  the  ligand  donors  are  connected  together. 

Presuming  that  the  properties  of  macrocyclic  complexes 
from  the  central  skeleton  of  the  complex,  and 


arise  mainly 


not  the  peripheral  constituents,  and  keeping  the  previously 
diacussed  requirements  in  nlnd,  an  attempt  to  design  and 
synthesise  rr.acrocyclic  ligands  was  begun.  In  any  such  en- 
deavor, several  important  decisions  must  be  made.  One  choice 
to  make  is  the  type  of  donor  atoms  to  use.  These  can  be 
incorporated  into  the  system  via  a number  of  different  func- 
tional groups.  Oxygen  can  be  used  as  a donor  whan  contained 
in  carboxylate,  phenolate,  carbonyl,  alkoxide,  M-oxide  or 
ether  groups.  Sulphur  atoms  can  be  .subsltuted  for  most  of 
the  oxygen  donors  above.  (litrogen  can  be  utilized  through 
primary,  secondary  and  tertiary  amino,  imino,  azo  or  oximino 
groups.  These  various  functional  groups  provide  donors  with 
a range  of  affinities  for  a given  metal. Furthermore,  they 
provide  some  conformational  Influences  due  to  the  specific 
directional  nature  of  the  coordinating  lone  pair  of  electrons 
on  the  donor  atom. ‘ As  stated  previously,  the  main  interest 
was  directed  towards  biological  systems  and  a vast  nurober  of 
these  systems  involve  all  nitrogen  donors  in  the  plane.  In 
addition,  these  complexes  have  a high  degree  of  conjugation 
which  necessitates  incorporating  the  nitrogen  donors  as  imlnes 
if  conjugation  is  to  be  preserved.  The  task  at  hand,  then, 
was  to  find  appropriate  molecules  to  form  the  desired  basic 
ring  when  reacted.  In  essence,  one  has  available  the  whole 
of  organic  chemistry  to  facilitate  the  linking  process. 
Practically,  however,  one  has  a much  more  limited  repertoire 
from  which  to  choose.  One  of  the  logical  approaches  appeared 
to  be  the  reaction  of  formaldehyde  with  amines  which  joins 
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the  two  groups  via  a methylene  group.  Other  attractive 
synthetic  routes  are  the  reaction  of  nitriles  with  aaines 
and  carbonyls  with  amines.  The  latter  reaction  is  by  far 
the  most  commonly  encountered  preparative  route  in  the  litera' 
ture.  Also,  it  seemed  most  desirable  for  this  work  since 
the  reaction  yields  a condensation  product  with  a structure 
(Schiff  base  or  imine) . These  products  are  well 
characterized  end  most  of  the  efforts  reported  herein  were 
directed  towards  this  reaction  path. 

Kuch  "paper  chemistry"  needed  to  be  conducted  to  choose 
appropriate  starting  materials  that  would  fit  into  Che  desired 
pattern  of  a conjugated  basic  ring  containing  the  four  nit- 
rogen donors.  Many  possible  reactants  such  as  biacetyl  and 
ethylenediamine  have  two  or  more  reactive  sites.  Having 
two  reactive  sites  per  nolecule  may  yield  a host  of  alter- 
native reactions  (e.g.,  polymerization)  other  than  the  desired 
cyclization  process. 

Xn  the  event  that  polymerization  could  not  be  controlled 
relative  to  cyclization,  it  would  be  necessary  to  consider 
an  alternate  synthetic  design.  A logical  change  would  be  to 
choose  starting  materials  in  which  the  reactivity  of  the  two 
functional  groups  contained  on  a given  molecule  differ  signi- 

problem.  This  could  involve  unsymmetrical  molecules  such  as 
pyruvaldehyde  ilVc,  p.  160)  and  phenylglyoxal  (IVd,  p.  160). 

Again,  if  the  desired  cyclization  was  not  accomplished, 
a reasonable,  but  different  approach  which  could  be  invoked 


iDVOlvea  tita  use  of  protective  croups,  e.g.,  ecetels  in 
place  of  a carbonyl  group  on  one  sice  of  the  previously 
bifunetional  reactants  in  an  effort  to  retard  linear  ?oly- 
nterisation.  In  this  manner  it  should  be  possible  to  partially 
construct  the  ring  and  then  to  introduce  the  metal  to  hydrolyze 
the  acetal  function  allowing  Che  final  cyclization  to  occur 
in  the  presence  of  Che  metal  which  should  also  orient  the 
reactants  properly  {vide  infra! . 

Most  of  the  synthetic  maerocyelea  reported  have  been 
prepared  in  the  presence  of  metal  ions  which  either  aided 
the  synthesis  by  improving  the  yield  or  was  absolutely  essential 
for  product  formation.  However,  the  synthesis  of  at  least  one 
macrocycle  has  been  reported  that  was  unexpectedly  straight- 
forward without  the  aid  of  any  metal.*'  The  improved  yield 
in  the  case  of  metal  addition  is  a consequence  of  one  of  the 
two  metal  ion  effects  collectively  referred  to  as  coordination 
template  effect.’  It  is  broken  down  into  at  least  two  types 
of  influences.  If  the  metal  is  acting  in  a directive  capacity, 
controlling  the  steric  course  of  a sequence  of  stepwise  reac- 
tions, the  process  is  considered  to  be  a kinetic  template 
effect.  The  principal  factor  would  then  be  to  organize  the 
reactants  by  orienting  them  so  that  the  functional  groups  are 
in  the  immediate  vicinity  of  each  other  allowing  the  conden- 
sation to  proceed  to  the  desired  product.  The  metal  icn  may 
also  function  in  yet  a different  manner  to  Increase  the  yield 
of  desired  products.  In  this  second  case,  the  metal  is  as- 
sumed to  perturb  an  equilibrium  in  the  organic  system.  For 
example,  it  may  selectively  remove  some  intermediate  in  a 
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Sequence  of  organic  oroducts.  This  mode  of  action  has  been 
labeled  the  thermodynamic  template  effect.  In  other  terns, 
the  latter  effect  is  in  reality  an  inversion  of  Che  sequest- 
ration processes  with  respect  to  the  usual  functions  of  the 
metal  and  ligand.  In  reality,  this  would  imply  that  there 
is  no  effect  on  the  organic  mechanisms  that  were  operative 
other  than  a simple  halting  of  a sequence  at  some  point  in 
the  overall  process.  However,  it  appears  that  a metal  rarely 
exerts  the  thermodynamic  effect  in  macrocycle  production 
without  also  utilising  the  kinetic  effect  because  the  inter- 
mediate condensation  products  would  coordinate  as  well  as 
the  final  product.  If  chelation  occurs  at  any  point  in  the 
sequence  of  condensations  other  than  the  final  completed 
cyclic  product,  then  the  kinetic  effect  muat  be  operative. 

when  the  kinetic  template  effect  operates  most  efficiently, 
the  orientation  of  the  reactants  is  aided  by  a particular 
structural  feature  of  one  of  more  of  the  reacting  molecules. 

An  example  of  such  a structural  feature  is  the  presence  of 
a donor  atom  in  addition  to,  and  located  between,  the  react- 
ing groups  on  the  molecule  during  the  macrocyclisation  process. 
That  the  presence  of  this  structural  feature  is  important  if 
not  absolutely  necessary  can  be  seen  from  the  proposed  mech- 
anism of  the  Schiff  base  formation,  i.e.,  the  amine  group 
which  functions  as  a nucleophile  in  the  condensation  process 
cannot  so  function  if  the  lone  pair  of  electrons  is  involved 
in  the  coordinate  bond  fotmation  with  the  metal.  Thua,  the 
amine  function  must  be  dissociated  from  the  metal  for  the 
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condensation  to  occur.  If.  however,  the  molecule  containing 
the  amine  function  possesses  an  additional  coordinated  atom, 
the  molecule  remains  bonded  to  the  metal  during  the  dissocia- 
tion of  the  amine  function  and  its  subsequent  condensation. 
Reehelation  of  the  newly  formed  imine  ia  highly  probable  in 
view  of  the  proximity  of  the  newly  formed  ligand  imine  donor. 
On  the  basis  of  the  aforementioned  rationale,  it  would  appear 
that  any  basic  approach  to  the  designe  and  synthesis  of  macro- 
cyclic  ligands  would  be  more  advantageous  if  the  kinetic 
template  effect  were  incorporated  into  the  reaction  scheme. 

It  was  the  objective  of  this  investigation  to  prepare 
(Va,  Vb  and  Via,  pp.  lfil-621  by  using  the  template  effect. 
Several  of  the  approaches  discussed  above  were  to  be  incor- 
porated into  these  preparations.  Indeed,  6,12-dimethyl-7,- 
ll-nitrilo-llH-dibenzotc,n! [1,2,5,13)  tetraazaoyclopenta- 
deoinenickeHlIlehloride,*  abbreviated  as  [Ni (azoketomacr)Cljl 
(Va)  was  to  be  attempted  by  three  different  procedures.  The 
first  preparation  would  involve  the  addition  of  0,0' -diamino- 
azobenzene  (OODhAB.  VII)  to  a solution  of  nickel(ll)  and 
2,6-diacetylpyridine  (DAP,  VIII).  This  method  would  utilize 
the  kinetic  template  effect  to  orient  the  reacting  species 
in  the  correct  manner  to  yield  the  desired  macrocycle  (Va) 
since  both  reactants  fulfill  the  criteria  listed  above.  A 
second  procedure  was  developed  to  use  the  thermodynamic 
template  effect.  Here  the  metal  would  be  added  to  a eolution 

• lUPAC  names  provided  by  Kurt  L.  Loening,  Chemical  Abstracts 
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containing  the  diamine  and  the  pyridine  diketone  presumably 
already  undergoing  reaction.  It  was  anticipated  that  the 
metal  would  remove  the  desired  cyclic  product  or  partially 
cyclized  product  from  the  other  possible  organic  compounds. 

If  it  was  observed  that  the  diamine  above  was  capable  of 
forming  a well  defined  complex  with  the  metal,  a third 
procedure  would  be  used.  It  would  involve  isolation  of  the 
metal  amine  complex  and  using  stoichiometric  amounts  of  the 
preformed  complex  and  the  diketone  to  condense  into  the 
desired  nacrocycle.  A description  of  the  amine  complexes 
will  also  be  incorporated  into  this  dissertation  because  of 
their  relevance  to  the  macrocyclic  synthesis. 

Attempts  to  generate  an  analog  of  the  dikstone  would  be 
attractive  in  order  to  evaluate  the  amount  of  strain  present 
in  the  ligand  if  a planar  configuration  were  taken.  The 
strain  might  be  caused  by  the  methyl  groups  of  the  pyridine 
moiety,  and  preparation  of  an  analog  absent  of  the  two  methyl 
groups  should  have  relieved  the  steric  hindrance.  Framework 
Molecular  Models  would  be  used  to  determine  the  type  and 
amount  of  strain  present  in  the  systems.  It  was  our  desire 
to  then  prepare  7,ll-nitrilo-llH-dibenzolc,n)(l,2,S,13]- 
tetraazacyclopentadecinenickel (II) chloride,  [Mi (azoaldomacr)- 
Cla]  (Vb)  by  the  condensation  of  OODAAB  (VII)  with  2 , 6-pyridine- 
dicarboxaldehyde  (PDC,  IX) . Conditions  similar  to  those  used 
in  the  [Mi  (azoketocnacr)  CI2  J synthesis  would  be  followed.  Since 
the  greater  reactivity  of  the  aldehyde  functional  group  would 
allow  a larger  variety  of  reactions  compared  to  the  ketone 
grouping,  this  may  lead  to  the  production  of  a larger  variety 
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of  organic  substances.  Therefore,  obtaining  the  aldehyde  ala- 
log  in  the  pure  state  might  prove  to  be  much  more  difficult. 

The  third  macrocyole.  2,5,ll,14-tetramethyl-3,4,12,13,19,- 
20-hexaa2atrieyclo[13,3,l.l!eicosa-l(191,2,4,6,8,10(20),ll,13- 
15,17-deoaenenickel(II)chlorlde,‘'‘'  [Ni (aainefcetomacrl Cls) 
{Via)  would  be  prepared  by  the  condensation  of  2 , 6-diacetyl- 
pyridinebishydraaone  (XIa)  with  2 .6-diacetylpyridine  (VIII). 
These  reactants  were  chosen  to  again  use  the  )tinetic  template 
effect  if  possible.  This  proposed  product  is  structurally 
Interesting  in  that  it  contains  14  atoms  in  the  basic  organic 
ring  allowing  for  two  5-member  and  two  6-raeinber  chelate  rings. 
This  appears  to  be  the  optimum  site  for  the  first  row  tran- 
sition metals.*'*  However,  many  of  the  naturally  occurring 
macrocyclic  complexes  such  as  hemoglobin  and  chlorophyll  con- 
tain only  six-member  chelate  rings.  The  organic  ring  also 
possesses  a high  degree  of  unsaturation  and,  in  fact,  contains 
4n  t 2 atoms  which  satisfies  the  Huc)cel  criterion  for  aroma- 
ticity, if  the  heteroatom  effect  is  neglected.  An  interesting 
feature  of  this  synthetic  system  is  that  the  only  valence  bond 
structures  which  can  be  written  with  alternating  double  and 
single  bonds  involve  formal  charge  development.  This  pe- 
culiarity is  due  to  the  pyridine  portion  where  there  are 
normally  two  adjacent  "single"  bonds.  The  two  previously 
mentioned  macrocycles.  [Ni (aro)cetomacr) Cljl  and  [NiCato- 
aldomacr)Cl 2 ] , also  have  a high  degree  of  conjugated  unsatura- 
tion but  are  non-alternate  systems.  Valence  bond  structures 
with  alternating  double  and  single  bonds  cannot  be  written 
because  the  basic  ring  contains  13  atoms.  Furthermore,  the 
4n  4-  2 Huc)cel  rule  is  not  satisfied. 


Attempts  will  be  made  to  prepare  the  aldehyde  analog 
(vrb)  of  the  hydraaor.e  mscrocycle  in  the  hope  of  preparing 
an  analog  to  the  (Hi (atlneketomacrJCl j]  free  of  the  steric 
strain  possibly  caused  by  the  methyl  groups. 

Other  macrocyclie  structures  are  contemplated  in  an 
effort  to  use  the  kinetic  template  effect  during  synthesis. 
Various  molecules  were  chosen  which  would  most  likely  have 
the  coordination  properties  required  for  the  above  effect 
to  operate.  These  mecrocycles  will  be  investigated  in  an 
attempt  to  alter  the  structural- configurations , reactivities 
and  physical  characteristics,  such  as  solubility,  of  the 
complexes . 

To  sumsarize,  the  objectives  of  this  research  includei 
(1)  a description  of  the  synthesis  and  characterisation  of 
{Hi(asokeComacr)Cl:l , (Hi  (asoaldomacrl  Clil  and  (KKazine- 
ketomacr)Cl2l , (2)  a description  of  the  synthesla  and 
characterization  of  a new  seriee  of  aso-emine  complexes  and 
(3)  a description  of  additional  synthetic  approaches  to  the 
preparation  of  macrocyclie  complexes. 
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is  presented  in  approximate  chrono.logical  order  to  emphasize 
the  exhaustive  investigations  that  were  conduoted  and  Che 
alterations  which  were  employed  in  an  effort  to  obtain  the 
desired  macrocycles.  The  author  believes  that  the  material 
of  the  final  section  would  be  of  sufficient  experimental 
interest  to  future  investigators  to  warrant  its  inclusion. 
While  most  of  the  results  were  of  a negative  nature,  the  out* 
line  of  problems  encountered  may  provide  considerable  invalu* 
able  aid  to  others  intending  further  pursuit  of  this  or  re* 


All  of  the  structures  of  the  various  complexes  and 
starting  materials  ara  presented  in  Appendix  I rather  than 
through  the  text  bscouse  of  the  frequent  references  made  to 
some  of  them,  thus  faciliuting  the  locetion  of  a particular 
structure  when  needed. 


A.  [Ki f ozoKctowdCr) CXt J 

The  preparation  of  the  macrocyclic  conplex  [NKatoketo- 
macr)Cl2l«  tVa) . was  not  a trivial  ayrthotic  problem.  Indeed 
it  involved  a number  of  unsuccessful  attempts  before  isolation 
of  the  desired  product.  The  strategy  developed  for  the  syn- 
thesis of  this  complex  arose  from  considerations  of  the  litera- 
ture available  on  other  synthetic  systems.  First  of  all,  it 
was  noted  that  a vast  majority  of  the  successful  syntheses 
ihccrporated  into  the  macrocyclic  ring  a molecule  contaning 
a donor  atom  in  addition  to  the  reacting  groups  that  were 
used  to  join  the  precursor  segments  into  the  cyclic  complex 
[vide  infra).  Secondly,  asauming  that  the  template  effect  is 
utilised,  there  seemed  to  be  two  major  patterns  emerging  in 
terms  of  the  sequence  of  introducing  reactants.  The  first 
pattern  is  what  will  be  termed  a 'template  reaction".  In  this 
procedxure,  the  metal  ion  and  at  least  one  of  the  components 
used  to  build  the  ligand  ring  are  placed  in  the  same  solution 
and  then  the  final  portion  of  the  ligand  components  is  added. 
The  other  sequence  is  one  in  which  the  components  for  compos- 
ing the  macrocyclic  ligand  are  introduced  together  in  solution, 
and  are  alloi'ed  to  be  in  contact  for  a short  period  of  time 
(several  minutes) , after  which  the  metal  ion  is  introduced. 

This  latter  scheme  will  be  termed  the  "delay  reaction".  It 
is  tempting  to  postulate  that  the  reaction  in  the  former  se- 
quence is  operating  via  the  kinetic  effect  while  the  latter 
Is  functioning  through  the  thermodynamic  effect.  The  decision 


to  use  both  addition  sequences  was  based  on  the  assertion  thetr 
indeed,  different  effects  are  operative;  however,  it  may  well 
be  that  the  mechanisms  are  Identical  in  some  instances.  To 
elucidate  the  mechanisms  of  these  reactions  requires  a detailed 
kinetic  study,  but,  this  was  not  an  objective  of  these  in- 
vestigations. 

The  molecules  chosen  to  build  the  new  macrocycle  were 
OODAAB  (VII) , e dienino  compound  with  an  ato  function  as  the 
•anchor"  group  and  DAP  (VIII),  a dlqarbonyl  compound  with 
a pyridine  donor  as  the  "anchor"  group.  Each  of  these  mole- 
cules possesses  an  "anchor"  donor  atom  not  a part  of  the 
reacting  groups.  A atoichrometric  amount  of  the  metal  Ion 
waa  used  to  give  a 1:1  ratio  of  metal  to  potentially  completed 
macrocycle.  Following  the  rationale  presented  in  Section  E 
(vide  infra) , the  orientation  of  these  two  molecules  by  the 
metal  ion  would  be  facilitated  by  their  structural  features. 
OODAAB  has  the  capability  of  providing  one  of  the  azo  nitrogen 
lone  pairs  to  hold  the  molecule  to  the  metal  ion  while  reaction 
is  occurring  at  either  of  the  amine  groups.  Noting  the  rela- 
tively weak  donor  strength  of  an  azo  nitrogen,*’  it  seems 
likely  that  the  molecule  would  require  more  than  the  lone  azo 
nitrogen  to  be  coordinated  to  maintain  the  proper  orientation. 
However,  when  one  considers  the  improbability  of  having  both 
amine  groups  dissociated  and  reacting  simultaneously,  it  seems 
probable  that,  at  any  instant,  there  would  be  one  of  the  amine 
groups  coordinated  in  addition  to  the  azo  group.  In  a similar 
manner,  the  orientation  of  the  reactant  DAP  (VIII)  is  probably 


pyridine  nitrogen.  Provided 


aided  by  coordination  of  the 
positions  in  the  metal  ion  plane  are  occupied  by  OODAAB  (VII), 
the  coordination  of  DAP  (VIII)  in  the  appropriate  location, 
trans  to  the  azo  function  of  OODAAD,  would  orient  the  carbonyl 
groups  in  close  proximity  to  the  amine  groups  with  which  they 
must  react  to  form  the  macrocycie  (Va).  Given  the  structural 
features  of  these  reactants,  a functioning  of  the  metal  via 
either  of  the  template  effects  seemed  quite  plausible. 

It  ie  significant  to  note  that  the  same  macrocycLic  complex 
is  generated  by  both  of  the  procedures  described  earlier. 

The  "template  reaction"  involved  the  slow  addition  of  an 
ethanol  solution  of  the  azo  ligand  (VII)  into  a refluxing 
ethanol  solution  of  Ni(II)  and  the  pyridine  diketone  (VIII). 

The  yellow-green  solution  changed  to  purple  on  addition  of 
the  azo  ligand  and  then  gradually  changed  to  a red-brown. 

The  product  was  then  precipitated  (vide  infra)  by  ethyl  ether 
and  collected  after  seven  to  twelve  hours  of  reaction.  In 
the  "delay  reaction"  strategy,  the  sequence  of  addition  was 
changed  so  that  the  metal  was  added  as  a solid,  hydrated  salt 
to  the  previously  mixed  and  refluxing  OODAAB  (VII)  and  DAP 
(VIII).  Using  the  same  total  reaction  times,  the  same  color 
change  as  was  noted  in  the  "ter^iate  reaction"  occurred  and 
the  same  product  was  formed.  A few  drops  of  hydrochloric  acid 
(or,  for  the  sake  of  generality,  the  conjugate  acid  of  the 
anion  contained  in  the  Ni(II)  salt)  was  added  to  the  reaction 
mixtures  to  catalyze  the  formation  of  the  imine  bond.  This 
procedure  was  adopted  because  Schiff  base  condensations  are 
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catalyzed  by  acid,"  and  the  use  ct  acid  catalysis  has  been 
reported  for  other  ntacrocycle  syntheses.  In  fact,  the 
selection  o£  these  reactants  appears  to  provide  its  own  acid 
catalyst  initially;  however,  the  decision  to  add  acid  was 
nade  prior  to  the  stoichiometric  determination  of  the  oono 
OODAAB  Ni(ll)  complex  (XII)  (vide  infra).  WithtJi(ll),  the 
OODAAB  functions  as  a tridentate  ligand  and  simultaneously 
loses  one  amine  proton.  The  complex  is  characterized  by  an 
intense  purple  color  which  is  observed  immediately  upon  the 
addition  of  the  ligand  and  the  metal  ion.  The  development 
of  this  color  upon  the  first  addition  of  the  OODAAB  (VXD  to 
the  Ni(ll}  and  DAP  {VIID  solution  or  upon  the  addition  of 
the  solid  metal  salt  to  a solution  containing  the  OODAAB  and 
DAP  suggests  immediate  azo  complex  formation.  As  a result, 
a amall  amount  of  acid  is  generated  which  contributes  to  the 
total  acidity  and  this  alone  may  have  been  sufficient  to  cata- 
lyze the  Schiff  base  condensation.  This  hypothesis  was  not 
tested,  however.  The  amount  of  acid  added  did  surpass  the 
amount  released  by  the  formation  of  the  azo  complex  since 
fairly  dilute  working  conditions  were  employed.  If  the 
acidity  level  becomes  too  'high,  the  amine  groups  may  be  render- 
ed unraactive  due  to  the  loss  of  nucleophilicity  on  protona- 
tion. However,  no  difficulties  arose  by  the  use  of  up  to  ten 
drops  of  concentrated  acid  in  a total  reaction  volume  of 
approximately  200  ml  ethanol.  It  may  well  be  that  proton 
catalysis  would  not  be  necessary  when  metal  ions  are  present 
since  ccordination  of  the  carbonyl  oxygen  to  the  metal  would 


generate  a formal  positive  charge  on  the  carbon  bonded  to 
the  oxygen  to  facilitate  a nucleophilic  attack,  just  as 
happens  when  the  oxygen  becomes  protonaCed. 

A third  method  was  developed  and  employed  in  the  prepara- 
tion of  [Si  (asoketomacr)Clj]  after  elucidation  of  the  com- 
position of  the  [Ni(OOOAAB-H>Cl]  complex  (XII).  The  macro- 
cyclic  product  (Va)  was  obtained  by  addition  of  an  ethanol 
solution  of  DAP  (VIII)  to  a refluxing  ethanolic  suspension 
of  the  nickel(ll)  azo  complex  (X1I> . The  product  was  sub- 
sequently collected  as  before  after  employing  similar  reac- 
tion times  and  observing  the  color  change  from  purple  to  red- 
brown.  The  products  of  all  three  preparations  were  identical 
in  texture,  color,  spectral  properties  and  analyses. 

Because  of  the  great  similarity  in  the  observations 
noted  during  the  different  syntheses,  it  is  entirely  reason- 
able to  conclude  that  all  three  are  proceeding  via  the  same 
pathway.  Recalling  that  the  metal  center  may  alter  the  course 
of  reectlon  by  collecting  the  organic  reagents  in  its  coordina- 
tion sphere  prior  to  the  condensation  steps  (kinetic  effect) 
or  that  it  may  intercept  a partially  coneensed  intermediate 
(thermodynamic  effect] , the  alternate  orders  of  reagent  addition 
were  chosen  on  the  basis  that  different  reaction  modes  ware 
operative.  However,  these  two  possibilities  are  not  clearly 
distinguished  by  the  present  work  since  the  different  strat- 
egies do  not  necessarily  dictate  different  mechanisms.  Noting 
the  purple  color  formation  as  soon  as  contact  is  made  between 
OODAAB  and  Ni(ll),  regardless  of  sequencing,  and  assuming 


thin  is  indicaclvs  of  the  lorr-aticn  of  [Si (OODAftB-H) Cli , it 
is  tempting  to  suggest  that  all  BBthods  involve  the  initial 
formation  of  the  aio  complex  and  proceed  to  the  nactoeyole 
via  the  kinetic  template  effect.  This  postulate  is  supported 
by  the  observation  that  mixtures  of  OODAAB  and  DAP  do  not 
undergo  oondensatlon  even  on  prolonged  contact.  Thus,  it 
is  unlikely  that  the  metal  is  removing  partially  eondonaed 
material  from  the  mixture,  although  admittedly  the  reaction 
could  still  proceed  as  a result  of  the  thermodynamic  effect 
and  only  have  traces  of  the  intermediate  present. 

The  macrocyclic  complex  [Va)  was  isolated  in  each 
instance  as  a solid  by  the  addition  of  diethyl  ether  to  the 
reaction  mixture  previously  reduced  to  one  half  the  original 
volume.  This  commonly  used  technique  is  bssed  upon  a lower- 
ing of  the  dielectric  constant  of  a solvent  mixture  to  pre- 
cipitate ionic  species  from  solution.  However,  this  explana- 
tion became  suspect  for  the  present  system  after  numerous 
unsuccessful  recrystallizations  of  the  complex  were  attempted. 
That  is.  the  compounds,  once  isolated  and  dried,  would  not 
redissolve  to  any  appreciable  extent  in  any  one  of  a number 
of  solvents  chosen  except  for  KMO  in  which  it  appeared  to 
have  limited  solubility.  This  behavior  was  taken  initially 
as  an  indication  of  some  structural  change  taking  place 
during  the  drying  process  because  apparent  solutions  could 
be  made  of  the  "undriad"  complex  immediately  after  collection 
on  the  sintered  glass  funnel.  A further  indication  that 
structural  changes  might  be  occurring  in  the  complex  was  the 


behavior  of  the  complex  when  exposed  to  the  atmosphere.  If 
care  vas  not  taken  to  exclude  atmospheric  moisture  from  the 
complex  during  suction  filtration,  the  compound  became  very 
sticky  and  darkened  in  oolor.  These  observations  originally 
led  the  writer  to  the  oonclusion  that  the  complex,  as  formed 
in  the  reaction,  was  composed  of  an  octahedrally  coordinated 
Ni(II)  bonded  by  the  macrocyolic  ligand  in  the  four  planar 
positions  and  a molecule  of  water  or  solvent  in  each  of  the 
axial  positions.  Thus,  this  large  complex  ion,  together  with 
two  Cl"  ions,  would  comprise  the  original  solid  sample  col- 
lected. Upon  drying,  however,  the  volatile  water  or  solvent 
molecules  would  be  removed  to  be  repleced  by  chloride  ions 
producing  a neutral,  insoluble  complex.  Thus,  as  long  as  the 
chloride  ions  were  not  included  in  the  first  coordination 
sphere,  the  complex  would  remain  soluble.  But  this  was  not 
a particularly  appealing  explanation  in  view  of  one  additional 
observation.  Haroely,  solid  material  could  not  be  collected 
by  filtration  of  a reaction  mixture  that  had  been  standing 
for  several  weeks.  It  would  seem  that  if  the  complex  con- 
taining chloride  ions  in  the  first  coordination  sphere  was 
more  stable,  some  of  this  product  should  have  been  formed  dur- 
ing this  time  unless  the  rate  of  substitution  was  extremely 
slow.  If  one  assumes  that  the  dissolved  complex  (with  water 
or  solvent  in  the  axial  positions)  is  actually  more  stable, 
then  extremely  slow  kinetics  of  dissolution  of  the  dried 
complex  must  be  invoked  to  explain  that  the  solid  in  contact 
with  refluxing  ethanol  for  over  a week  fails  to  produce  a 


solution.  Because  none  of  these  explanations  was  satisfactory, 
further  investigations  of  the  system  were  initiated.  It 
appeared  that  the  solubility  of  the  isolated,  dried  cociplex 
was  approximately  10”’  M and,  in  fact,  ultraviolet-visible 
spectra  of  these  "solutions"  were  taken  (vide  infra).  It 
was  putsling  that  these  solutions  could  not  be  made  mere  con- 
centrated, however.  Whenever  a more  concentrated  preparation 
was  attempted,  the  resulting  dark  brown  mixture  became  nearly 
colorless  upon  filtering  through  a fine  sintered  glass  filter 
and  a brown  solid  was  collected  on  the  filter  bed.  The  fil- 
trate appeared  to  be  very  similar  to  the  dilute  solutions  used 
to  obtain  the  ultraviolet-visible  spectra.  This  apparent 
incongruity  was  resolved  when  it  was  discovered  that  all 
"solutions",  except  that  of  DMSO,  exhibited  the  Tyndal  effect. 
Testing  of  all  mixtures  was  performed  by  a small  laser  emit- 
ting at  632BA.  Even  the  original  reaction  mixture  when  diluted 
XID'  proved  to  he  eollodial,  contrary  to  initial  conclusions. 

A sample  of  the  isolated  solid  was  stirred  in  ethanol  for  3 
months  and  found  to  remain  colloidal  in  nature.  The  original 
reaction  mixture  and  the  very  dilute  "solutions"  of  the  complex 
appeared  to  behave  as  normal  solutions  and  this  revelation  was 
quite  unexpected  because  no  observable  solid  had  been  col- 
lected by  filtration  or  centrifugation  of  the  original  reaction 
mixture.  This  behavior  is  in  contrast  to  solutions  prepared 
from  some  dried  compound  and  to  the  behavior  of  the  reaction 
mixture  after  ether  addition.  In  retrospect,  it  is  fortuitous 
that  the  method  of  collection  used  in  these  experiments  was 


that  tried  first.  The  solvent  system  and  washing  technique 
employed  allows  any  impurities  present  to  be  removed  from  the 
insoluble  complex  since  both  a polar  and  non-polar  solvent 
are  used.  Although  the  compound  had  some  solubility  in  DMSO, 
the  solubility  was  not  sufficient  to  allow  reorystalUgationi 
thus,  the  product  was  studied  as  Isolated  without  further 
purification.  In  fact,  the  solubility  of  the  complex  in  OKSO 
was  so  slight  that  p.m.r. , conductance  and  molecular  weight 
data  were  difficult  or  impossible  to  obtain. 

Characterization  of  the  solid  presented  potential  pro- 
blems because  of  the  possibility  of  contamination  inherent 
in  the  collection  procedures  as  limited  by  the  insolubility 
of  the  product.  This  problem  did.  in  fact,  appear  during  one 
series  of  attempts  to  repeat  the  preparation.  Elemental 
analysis  of  the  reaction  product  indicated  that  excess  organic 
material  was  included  in  the  complex,  possibly  solvent  or  some 
combination  of  solvent  and  water.  The  product  was  nonoaily 
dried  ^ vacuo  at  ambient  temperature  for  twelve  hours  to 
remove  any  volatile  material.  However,  for  some  reason  which 
still  remains  unanswered,  one  intermediate  series  of  prepara- 
tions yielded  a product  in  which  routine  treatment  did  not 
remove  ail  absorbed  material.  This  problem  was  eliminated 
by  drying  ^ vacuo  over  P«Oja  for  twelve  hours  at  a temperature 
of  7D*C,  a treatment  adopted  for  drying  the  analog  to  this 
complex  [vide  infra) . ^ ' 

The  Infrared  spectrum  of  the  [Ni  (azolcetomaer)  Clj)  con- 
tained a recurrent  absorption  at  3350  cm"*,  which  eustemarijy 


is  assigned  to  OH  or  KH  stretching,  Incorporation  of  adsorbed 
water  was  assigned  as  the  source  of  this  band  as  a result  of 
the  following  considerations.  The  dried  complex  has  a tend- 
ency to  adsorb  water  as  evidenced  by  an  observable,  gradual 
increase  in  weight  of  the  solid  when  exposed  to  the  atmosphere. 
A qualitative  test  to  determine  the  stoichiometric  uptake  of 
water  per  molecule  of  complex  showed  that  approximately  1 
molecule  of  water  was  incorporated  on  standing.  This  addi- 
tional weight  could  be  removed  by  vacuum  drying  and  the  pro- 
cess was  reversible  several  times.  The  intensity  of  the 
absorption  band  could  be  reduced  by  preparing  a KBr  pellet 
in  a plastic  glove  bag  under  a dry  nitrogen  atmosphere.  How- 
ever, the  band  could  only  be  eliminated  by  drying  both  the 
KBr  and  the  [Ni  (azoketomaor)CliJ  in  vacuo  at  70"C  with  sub- 
sequent loading  of  the  KBr  press  in  a glove  bag.  Stoti*'  had 
noted  that  an  absorption  at  3340  cm  * contained  in  the  spectra 
of  the  uncoraplexed  macrocycle  TMCD  (XHI)  was  perplexing  at 
first.  This  absorption  was  later  identified  ae  arising  from 
an  ene-amine  tautomerization  which  produced  a N-H  group.  The 
ligand  in  [Ni {azoketonacrJCl,]  has  the  potential  for  this  type 
of  tautomerization,  but  stotz®‘  had  noted  that  the  ligand 
reverts  to  the  imine  form  upon  coordination.  The  analog 
[Ni(azoaldomacr)Clj!  (vb)  exhibits  the  adsorption  in  the 
3350  cm"‘  region  alsoj  however,  it  is  not  structurally 
capable  of  the  rearrangement  suggested  by  Stotz.’‘  The  drying 
technique  gave  an  elemental  analysiswhieh  corresponded  to  the 
complex  without  water.  The  C,H,N  data  were  obtained  from 


Galbraith  Labs’"  and  thay  were  instructad  to  dry  the  sample 
In  vacuo  at  70*c  before  analysis.  The  nickel  analyses  were 
performed  in  this  laboratory  following  essentially  the  met- 
hod of  Flaachka.*"  In  these  analyses,  the  sample  was  dried 
as  above  and  then  a volume  previously  determined  to  be  the 
approximate  amount  needed  for  the  nickel  determination  was 
quidkly  weighed.  This  sample,  of  course,  picked  up  weight 
through  adsorption  of  water  before  the  sample  was  digested 
In  the  nitric-perchloric  acid  mixture,  but  the  initial  weight 
was  used  to  calculate  the  perc,entage  composition  of  the 
metal  since  this  weight  would  correspond  to  the  free  [Ni- 
CezoketomacrlCl s] . Therefore,  based  on  the  correct  analysis 
obtained  for  the  carefully  dried  sample,  the  ability  to 
reduce  the  absorption  by  careful  drying  and  the  fact  that  no 
evidence  could  be  found  for  a rearrangement  to  produce  the 
secondary  amine  group  in  the  coraplexed  state,  this  absorp- 
tion was  assigned  to  the  0-H  stretch  of  incorporated  water 
molecules.  Other  investigators' have  noted  the  inclusion 
of  water  molecules  in  some  related  synthetic  macrocyclic 
systems.  However,  subjecting  some  of  these  complexes  to 
vacuum  at  100‘C  for  24  hours  did  not  remove  the  water  and 
in  others  the  water  could  be  readsorbed  readily  after  re- 
moval. According  to  an  X-ray  study  of  Hi (TAAB)  1: -H jO  (XIV)." 
the  water  is  actually  occupying  one  of  the  axial  coordination 
positions  with  an  iodide  ion  positioned  in  the  opposite 
site  which  would  explain  the  difficulty  in  removing  the 
water  molecule  from  the  complex.  However,  because  of  the 


relative  ease  with  which  water  could  be  removed  from  [Nifazo" 
ketomacrJCli ) , it  was  concluded  that  the  adsorption  was 
caused  by  a surface  phenomenon  or  perhaps  inclusion  in  the 
lattice  network  and  not  by  incorporation  into  the  first 
coordination  sphere  of  the  metal. 

Following  the  approach  of  Hakamoto,'*  the  infrared 
spectrum  of  tul (aroketomacr) cl 2 Imight  be  expected  to  be  a 
oomposite  of  the  spectra  of  OODSAB  (Vll)  and  DAP  (VIU)  or 
maybe  even  a composite  of  the  spectra  of  (Hi [OODAAB-H) Cl) 

(XII)  plus  DAP  tVIIl),  except  for  the  absence  of  absorptions 
due  to  the  primary  amine  and  the  carbonyl  groups  and  the 
presence  of  absorption  by  the  imine  functions  in  the  condensed 
macrocycle.  The  amine  bands  would  have  appeared  at  3300  an**,*® 
The  absorptions  in  conjugated  systems  interact  to  a 

large  extent  with  other  double  bonds  in  the  compound  and  thus 
it  is  frequently  difficult  to  assign  a definite  value  to  this 
group.  Buac^“*  however,  has  reported  the  amine  absorption 
of  a related  macrocyclic  system  to  occur  at  1570  cm"‘.  Other 
studies'*  have  reported  comple.xed  imine  absorptions  between 
1610  and  1615  cm  '.  The  profusion  of  bands  in  the  1600  cm*' 
region  arising  from  the  azo  grouping,  the  benzene  ring  and 
the  pyridine  ring  absorptions  make  absolute  assignment  of 
bands  in  this  region  difficult.  However,  a band  at  1570  cm*', 
not  present  in  [Ni (OODAAB-H)Cl)  (XII)  is  present  at  moderate 
intensity  in  the  spectrum  of  the  macrocyclic  complex  <Va)  and 
is  assigned  to  the  imine  stretching  vibration  from  the  groups 
formed  upon  condensation.  A band  at  1570  on*'  does  occur  in 


the  epectrum  of  DAP  (VIII)  but  Stoufer'*  has  shown  that  this 
band,  arising  from  the  pyridine  ring  stretching  vibrations 
is  shifted  to  '1605  cm”‘  upon  coordination  to  Kl(Il).  Only 
these  regions  of  the  infrared  spectrum  were  exaiained  care- 
fully since  they  would  be  most  beneficial  in  structure  deter- 
Bination.  No  attempt  was  made  to  assign  the  remaining  bands 
although  the  entire  spectrum  la  included  for  reference  (Pig.  1). 

A study  of  the  ultraviolet-visible  absorption  spectrum 
was  undertaken  to  ascertain  the  coordination  geometry  present 
in  the  complex  (va).  As  mentioned  previously,  solubility  of 
the  complex  limited  the  choice  of  solvents  to  WlSO  and  then 
the  concentrations  possible  were  very  low.  However,  the 
very  high  extinction  coefficients  of  the  complex  permitted 


a characterisation  under  the  very  dilate  conditions  dictated. 
The  and  extinction  coefficients  are  listed  in  Table  1. 

DMSO  solutions  of  the  complex  (va)  showed  a at  570nm 

and  a shoulder  at  -40Cmm  with  extinction  coefficients  of 
7.5  X 10’  and  6.6  X lo’  respectively.  It  was  noted  that  the 
spectrum  of  the  complex  changed  upon  standing  in  DMSO.  Al- 
though, the  change  was  not  observable  after  one  day,  it  was 
almost  complete  within  one  week;  no  additional  change  wasnated 
for  a period  of  up  to  3 months.  Tho  peaks  apparent  in  the 
mixture  on  standing  appeared  at  400.  460,  490,  S70  and  615nm 
with  extinction  coefficients  of  the  same  order  of  magnitude 
es  the  initial  solution.  The  spectra  of  initial  solutions 
of  (Va)  and  the  analog  (Vb)  were  noticeable  different,  whereas 
they  were  almost  identical  after  standing  in  EMSO  for  a period 


Table  1. 


ketonacrjCls)  and  tSi  (azoaldomactjClil  In  a 


Type  of  Phase 

Compound  DMSO  Solution  (Fresh) 


of  one  week.  So  attempt  was  made  to  identify  the  zearrango- 
ment  prodoots  but  a speotrua  of  Hi  (ID  and  DAP  (VIIIl  in 
equimolar  amounts  (-lO-^M)  was  run  to  see  if  a decomposition 
producing  DAP  might  be  responsible  for  some  of  Che  absorptions. 
This  spectrum  showed  no  apparent  absorptions  in  the  visible 
region.  The  result  is  not  surprising  since  one  would  not 
expect  to  see  d-d  transitions  at  these  concentrations  when 
studied  in  1.0  cm  cells.  That  fact  dictates  that  the  coordina- 
tion geometry  cannot  be  inferred  from  the  evaliable  data  on 
the  complex,  since  the  high  extinction  coefficients  of  the 
ligand  charge  transfer  absorptions  mean  that  the  d-d  transi- 
tions are  obscured. 

A reflectance  spectrum  was  taken  of  the  complex  using 
the  nujol  mull  technique.  This  showed  a slightly  different 
absorption  pattern  with  the  1^^  appearing  at  570nm  and  a 
shoulder  at  455nm.  It  is  interesting  to  note  that  the 
spectrum  of  an  ethanol  •solution"  of  the  complex  was  identical 
to  that  observed  using  the  reflectance  technique,  except  that 
the  peaks  were  much  more  pronounced  in  the  "solution"  spectrum. 
A spectrum  of  a sample  of  the  reaction  mixture  taken  immedi- 
ately before  isolation  ofthe  complex  produced  identical 
results  to  those  of  the  reflectance  spectrum  and  the  "solution" 
made  from  a dried.  Isolated  sample.  These  reeults  are  con- 
sistent with  the  observation  that  the  reaction  mixture  and 
the  "solutions"  are  actually  colloidal  suspensions  and  thus 
should  contain  the  complex  in  a form  similar  to  the  mull,  i.e., 
the  complex  is  merely  being  suspended  in  the  path  of  radiation 


by  ethanol  rather  than  nujol.  The  difCerences  between  the 
□MSO  spectrum  and  the  ethanol  or  mull  spectra  indicate  a 
change  in  the  species  present,  possibly  resulting  from  a 
change  in  the  first  coordination  sphere  of  the  Ni(ll). 

This  could  possibly  come  from  the  replacement  of  a chloride 
ionCa]  by  DH50  in  the  axial  position(s)  and  would  be  con- 
sistent with  the  strong  solvating  properties  of  the  DMSO. 

This  explanation  is  in  agreement  with  the  data  from  the  con- 
ductance studies  (vide  Infra) . 

Additional  evidence  for  ainion  ligation  of  the  axial 
positions  arises  from  the  infrared  spectrum  of  the  product 
obtained  from  an  attempt  to  produce  (Hi  (azoketomacr)  (ClOi.)  jl  . 
Although  this  product  did  not  give  an  elemental  analysis 
corresponding  to  the  pure  product,  the  analyses  were  close 
and,  in  addition,  the  infrared  spectrum  was  very  similar  to 
the  [Ni (azoketomacr)Cl2 ],  strongly  suggesting  that  the  majority 
of  it  was  the  desired  product.  An  obvious  difference  in  the 
two  spectra  was  observed  in  the  1100  cm*'  region  where  the 
perchlorate  anion  absorbs.  The  absorption  for  the  isolated 
solid  was  markedly  split,  an  indication  of  coordinated 
perchlorate  ion.  This  is  strongly  supportive  of  the  perchlo- 
rate occupying  the  axial  positions  and  it  seems  reasonable 
that  a stronger  donor  anion  such  as  chloride  would  also  occupy 
the  out  of  plane  coordination  sites  in  analogous  complexes. 

The  magnetic  moment,  of  the  complex  was  found  to 

be  1.18  B.M.  at  ZCC  and  independent  of  temperature.  This 
value  is  surprising  in  view  of  those  usually  reported  for 


Ni(Il)  complexes  of  either  -tetrahedral  or  octahedral  geometry 
which  fall  in  the  range  2. 30-3. SC  B.H. . consistent  with  two 
unpaired  electrons.  The  high  end  of  the  range  is  encountered 
in  tetrahedral  Ni(ll)  complexes  loecause  incomplete  quenching 
of  the  orbital  angular  momentum  can  add  to  the  spin-only 
value  in  some  complexes,  The  normal  value  observed  for  a low- 
spin.  square  planar  coordination  would  be  near  eero.  con- 
sistent with  no  unpaired  electrons.  The  abnormal  value  de- 
termined for  this  complex  may  arise  from  one  of  two  different 
phenomena.  These  possibilities  will  be  examined  after  a 
discussion  of  the  temperature  dependence  of  paramagnetism, 
a study  which  seemed  to  offer  a method  of  resolving  which 
effect  was  operative  in  this  particular  system. 

The  magnetic  susceptibility.  x'«.r  obeys  the  Curie  law 
when  idealised  behavior  is  followed,  where  C is  the 
Curie  constant  and  T is  the  absolute  temperature.**^  If  this 
expression  is  strictly  obeyed,  u 83  [ (x  * j,)  (T)  JV*  B.H.  It 

turns  out  that  only  a few  paramagnetic  substances  follow  the 
Curie  law  while  the  vast  majority  are  best  described  by  the 
related  Curie-Welss  law,  x'm"C/(T+3).  There  is  no  particular 
theoretical  significance  to  be  attached  to  6 except  as  an 
empirical  measure  of  the  amount  of  deviation  from  the  ideal- 
ized behavior  expressed  by  the  Curie  law.  A large  value  of 
3 {<75*)  may  indicate  ferromagnetic  or  anti-ferromagnetic 
interactions  in  the  complex.  These  interactione  are  not 
normally  observed  in  mononuclear  complexes  because  the  metal 
centers  are  effectively  isolated  from  each  other  by  ligands 
so  that  interactions  between  them  are  insignificant,  i.a. 


they  are  "magnetically  utlute".  Accordingly,  a temperature 
dependence  study  of  this  complex  was  undertaken.  The  data 
presented  in  Table  2 and  graphically  in  Figure  2 shows  that 
the  complex  (Va]  does  follow  the  Curie-Weiss  description  and 
that  the  value  of  0 is  ~0®,  i.e.,  it  is  magnetically  normal. 

The  temperature  studies  were  run  down  to  -lOO'K  in  this  lab- 
oratory using  the  apparatus  described  in  the  experimental 
section.  Additional  data  to  was  graciously  provided  by 

A1  schweirer  in  Harry  Gray's  laboratory  at  Caltech."'  The 
two  sets  of  independent  data  agree  in  the  region  of  over- 
lapping measure-Tients  and  the  was  reasonably  independent 

of  temperature  over  the  entire  range  from  -4*K  to  '400"K. 

A check  on  the  reversibility  of  the  measurements  was  made  to 
determine  if  irreversible  structural  changes  in  the  complex 
had  occurred  during  the  temperature  variations.  The  results 
showed  the  magnetic  susceptibility  values  at  room  temperature 
to  be  identical  before,  during  and  after  the  temperature 
dependence  study,  thus  demonstrating  that  no  permanent  mag- 
netically significant  structural  modifications  had  nccurred 
as  a result  of  the  temperature  variations. 

The  presence  of  the  slight  curvature  in  the  plot  of 
l/x'„  vs  T prompted  a closer  look  at  the  data  in  an  attempt  to 
determine  its  significance.  There  appeared  to  be  three  pos- 
sible explanations  for  the  deviation  from  the  rigorous  linearity 
expected.  First,  it  is  possible  that  the  temperature  of  the 
solid  within  the  Guoy  tube  had  not  reached  the  temperature 
indicated  by  the  external  thermistor.  Were  the  temperature 


of  the  solid  actually  lovfer  Chan  that  indicated,  the  value 
of  would  be  larger  and  thus  1/i'.,  would  be  a scnaller 
nunber  accounting  for  the  curvature.  This  situation  did  not 
seem  to  be  likely  since  the  apparatus  had  been  successfully 
used  immediately  before  and  after  this  experiment  and  the 
equilibration  times  were  comparable,  approximately  one  hour 
for  a 20*  rise  in  temperature.  This  was  also  the  length 
of  eqnilibration  used  by  other  workers  on  the  same  apparatus. 
It  did  not  seem  reasonable  that  this  particular  test  would 
be  plagued  with  extremely  slow  equilibration  times. 

Another  possibility  was  that  the  complex  might  be  under- 
going a temporary  phase  change  incorporeting  a different 
crystal  form  or  coordination  geometry  dependent  on  tempera- 
ture. Extensive  study  would  be  required  Co  test  this  postu- 
late and  time  limitations  precluded  its  being  undertaken. 

It  does  appear  to  be  an  unlikely  occurrevre  although  it  cannot 
be  totally  excluded. 

Although  the  deviation  from  linearity  did  fall  within 
experimental  error,  it  was  not  random.  Therefore,  it  is 
highly  improbable  that  it  is  a fortuitous  scattering  of  experi 
mental  points.  That  tha  data  were  definitely  linear  at  the 
lover  temperatures  [as  determined  by  e different  operator 
on  different  equipment)  and  tliat  the  data  were  linear  at  the 
higher  temperatures  studied  demonstrated  Curie-Weiss  behavior 
in  those  regions.  Thus,  it  was  concluded  that  the  data  were 
exemplary  of  normal  Curie-Weiss  behavior,  especially  in  view 
of  the  9 value  approximating  sero.  However,  it  is  not  to  be 


totally  dianlssed  as  an  insignificant  deviation  and  the  avenue 
is  left  open  for  extensive  studies  at  a later  date  which  may 
prove  or  disprove  this  author's  conclusion. 

Although  the  complex  (Va)  may  exhibit  y(T)  behavior  that 
is  CurriS'Weiss,  the  magnetic  moment  must  be  considered  to 
be  anomalous,  nonetheless.  The  available  literature  contains 
explanations  which  might  be  invoked  to  account  for  the  observed 
value.  One  general  explanation  has  been  discussed  and  review- 
ed by  Helson  and  Busch,'”  vis  the  existence  of  a singlet- 
triplet  equilibrium.  A series  of  ligands  having  different 
field  strengths  cause  low-spin  compounds  with  weak  field 
ligands  and  high-spin  compounds  with  strong  field  ligands. 
Consequently,  the  magnetic  moments  of  complexes  are  expected 
to  lie  in  the  region  of  the  two  extremee  and,  indeed,  this 
is  observed  in  the  majority  of  cases,  It  could  be  expected 
that  certain  combinations  of  ligands  might  provide  a fortuitous 
example  in  which  the  energy  of  the  high-spin  and  low-spin 
species  at  a given  temperature  would  be  very  nearly  equal. 

The  population  of  the  two  states  would  then  satisfy  an  equili- 
brium that  is  temperature  dependent  giving  rise  to  a magnetic 
moment  falling  between  the  two  extreme  spin  states.  An 
equation*"  has  been  developed  to  describe  the  behavior  of 

in  these  cases  and  shows  that  the  magnetic  susceptibility 
will  increase  with  temperature,  opposite  to  the  behavior 
predicted  by  the  Curle-Welss  expression.  Barefield  et  al.*' 
point  out  that  if  the  difference  in  energy  between  the  two 
spin  states  is  small,  the  correlation  between  increasing 


Tenpsrature  dependence  of  magnetic  susceptibility 
and  moment  for  [Si  (a*oketomacr>Cl j ) . 
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^Measurements  taken  at  a temperature  less  than  100"K  vere 
performed  at  Caltech.'* 

**Re£lects  a diamagnetic  correction  of  229.5  x lO"*  c.g.s. 
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and  T does  not  hold  in  the  equilibrium  cases  either,  nelson 
and  Busch"’  have  reported  the  preparation  of  a series  of 
complexes  containing  a fixed  quadridentate  ligand  coordinated 
in  the  plane  of  the  complex  with  varied  axial  ligands  in 
which  the  phenomenon  just  discussed  was  observed.  The  Pgfj 
of  the  complexes  involved  in  the  transition  from  high-spin 
to  low-spin  exhibited  the  expected  temperature  dependence 
of  increasing  x'^  with  T.  It  was  therefore  tempting  to 
assume  that  this  phenomenon  was  operative  in  the  complex  (Va} 
[Mi  [asoketomacrjClsJ , especially  in  view  of  the  similarity 
of  structure  in  the  complexes.  However,  this  explanation  is 
not  attractive  in  view  of  the  results  of  the  temperature 
dependence  data  collected  which  indicate  normal  Curie-Heiss 
behavior  for  the  complex. 

The  other  rationalisation  for  anomalous  magnetic  momenta 
invokes  noneguivalent  ions  in  the  unit  cell,  some 

being  diamagnetic  and  others  being  paramagnetic.  Several 
eases’'"'  have  been  cited  where  Mi(II)  complexes  have  exhibited 
this  behavior.  It  is  entirely  possible  that  some  type  of 
mixture  of  square  planar  and  octahedral  species  exists  In 
the  complex  as  prepared  (the  possibility  of  tetrahedral 
coordination  is  ruled  out  since  the  ratio  of  metal  to  macro- 
cycle is  one  to  one  and  the  only  likely  mode  of  coordination 
for  the  organic  ligand  is  planar).  If  a mixture  exists,  the 
value  of  for  this  complex  requires  a ratio  of  5:1  for 

low  spin  centers  to  high  spin  centers.  The  product  does 
not  appear  to  be  crystalline  (as  viewed  at  250X  magnification) 


and  recrystallization  could  not  be  effected  in  this  lab- 
oratory making  vary  remote  the  possibility  for  X-ray  deter- 
mination of  structure  to  clarify  the  question. 

Because  neither  explanation  for  the  anctoalous  was 

completely  satisfactory,  other  efforts  were  made  to  resolve 
the  problem.  Attempts  were  made  to  generate  the  [HKaro- 
ketomacrn*’  species  with  other  anions  in  order  to  study 
the  magnetic  moments  of  the  complexes  resulting  from  an 
axial  perturbation  by  the  anions.  One  might  expect  to  see 
the  Ugff  vary  from  essentially  .zero  for  the  weak  field  anions 
to  '3.0  for  the  strong  field  anions.  However,  no  product 
obtained  by  the  template  method  was  isolated  for  which  a 
satisfactory  elemental  analysis  resulted.  The  material 
collected  in  these  trials  undoubtedly  contained  much  of  the 
desired  inacrocyclic  complex  as  evidenced  by  the  similarity 
in  the  infrared  spectra  between  the  [Ni (ezoketomacr) CI2]  and 
the  supposed  [Ni (ezoketomacrlXsl  where  X ■ hOi~,  SCK~,  C10«~, 
CHgCO:  or  Br~.  The  solubility  of  the  products  isolated  in 
these  experiments  seemed  to  be  even  less  than  that  of  the 
chloride  complex  making  recrystallization  impossible.  The 
results  of  the  elemental  analysis  indicated  that  the  product 
contained  additional  organic  material  and  attempts  were  made 
to  remove  soluble  Impurities  by  Soxhlet  extraction  and 
trituration  with  a succession  of  solvents.  However,  no 
analysis  corresponding  to  the  formulation  fml (azoketomacr) Xz 1 
was  obtained  and  no  other  satisfactory  formulation  could  be 
fit  to  the  somewhat  consistent  analytical  data  received  on 


the  "purified"  product.  Other  meerocycles  complexes  have 
been  reported  In  which  aitiiilar  difficulties  have  been 
experienced  in  purification  attempts. ’ 

Since  direct  synthesis  of  complexes  containing  other 
anions  was  not  anccessful,  attempts  were  made  to  generate 
the  free  uncomplexed  organic  ligand  which  could  then  be  mixed 


with  different  nickel  salts  to  generate  complexes.  The 
isolation  of  the  free  ligand  prior  to  complexatlon  has  several 
advantages  in  addition  to  providing  a synthetic  route  to  new 
complexes.  The  organic  product  is  usually  more  easily  puri- 
fied than  the  corresponding  complex.  Furthermore,  the 
characterization  of  the  organic  product  through  the  use  of 
gas-licuid  chromatography,  p.m.r. , mass  spectrometry  and 
infrared  spectroscopy  is  normally  less  involved..  In  addition, 
the  spectra  obtained  for  the  free  ligand  can  be  of  assistance 
in  the  interpretation  of  the  metal  complex  spectra.  The  material 
recovered  from  the  experiments  designed  to  yield  the  organic 
product  was  examined  by  thin  layer  chromatographic  technigues 


and  found  to  contain  soma  unreactsd  starting  materials  no 
other  product  was  moved  by  the  solvent  fronts.  The  mass 
spectra  of  these  material^  indicated  that  oligomerization 
had  occurred  as  evidenced  by  the  presence  of  peaks  at  higher 
values  than  339  m/e.  The  free  ligand  parent  peak  at  339  m/e 
did  not  have  sufficient  intensity  to  enable  one  to  conclude 
that  the  macrocycle  had  been  formed.  These  reeults  are  not 
surprising  because  there  are  relatively  few  reported  examples 
of  macrocyclic  ligands  which  have  been  synthesized  in  the 
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unconplexed  state.**'®**’  The  attempts  to  produce  the  free 
ligand  employed  procedures  similar  to  those  reported  in  the 
literature,  obviously  without  auccese. 

Palling  to  obtain  the  ligand  by  direct  synthesis,  one 
additional  approach  to  generate  the  free  ligand  was  attempted 
by  displacement  of  the  metal  center  from  the  previously  formed 
INi (asoketoraacr)Clj] . Several  methods  were  used  to  effect 
this  goal.  Addition  of  an  ethanol  solution  of  sodium  or 
potassium  cyanide  to  a suspension  of  [Ni (azoketomacr) Clj 3 {VaJ 
in  ethanol  led  to  a coagulation  of  the  suspension,  but  no 
apparent  reaction.  This  mixture  was  allowsd  to  stand  at 
room  temperature  for  several  hours  before  collecting  the 
solid  complex.  The  infrared  spectrum  of  the  coagulated 
material  was  nearly  identical  to  that  of  the  original  complex 
except  for  the  addition  of  a weak  cyanide  absorption,  presum- 
ably due  to  contamination.  Furthermore,  the  percent  com- 
position of  nickel  was  nearly  the  same  as  In  the  original 
complex.  The  method  of  Love  and  Powell®*  was  also  tried. 
Pinely  ground  [Ni (azoketomaorlclj I and  potassium  cyanide  were 
stirred  together  in  methanol  for  one  hour.  An  equal  volume 
of  ethyl  ether  was  then  added  to  precipitate  KCl  and  K2Ni(CN). 
while  leaving  the  free  organic  ligand  in  solution.  However, 
a substantial  amount  of  the  original  complex  was  forced  down 
with  the  other  inorganic  salts  and  work-up  of  the  filtrate 
yielded  no  organic  product.  A third  attempt  utilized  the 
generation  of  hydrogen  sulfide  gas  by  the  action  of  concen- 
trated sulfuric  acid  on  solid  ferrous  sulfide.  The  gas  was 


passed  into  an  ajTBnonitcal  suspension  of  the  complex  in  an 
ethanol-water  mixture  at  room  temperature,  The  gas  was 
bubbled  through  for  -1  hour  and  the  resulting  solution  allowed 
to  stand  for  sereral  hours.  Again,  a solid  separated  which 
contained  unreacted  complexj  the  filtrate  was  void  of  free 
ligsnd.  These  results  were  not  unlike  those  found  by  other 
workers*'-*’  and  demonstrates  the  tenacity  with  which  the 
Kiaerocyclic  ligand  is  held  by  the  metal.  However,  it  nay  be 
that  the  extreme  insolubility  of  the  complex  does  not  allow 
a mechanism  for  substitution  since  it  remains  essentially  in 
the  solid  state  during  these  attempts.  It  is  unlikely  that 
longer  reaction  times  would  have  produced  different  results, 
back  of  a substitution  path  may,  in  fact,  be  the  cause  of 
these  observations,  especially  in  view  of  the  accidentally 
noted  changes  that  took  place  in  the  ultraviolet  visible 
spectrum  when  a DMSO  solution  of  the  macroeycle  is  allowed 
to  stand  for  a long  period  (vide  supra!  . 

The  very  slight  solubility  of  the  complex  caused  a 
great  deal  of  difficulty  in  obtaining  a value  for  the  apparent 
molecular  weight  by  vapor  phase  osmometry.  Dimethylsulfoxide 
was  the  solvent  in  which  the  complex  showed  the  greatest 
solubility,  in  fact  it  was  the  only  solvent  in  which  any  more 
than  an  extremely  small  amount  could  be  dissolved.  This 
solvent  does  have  some  inherent  problems  associated  with  its 
use  in  a vapor  phase  osmometer,  however.  This  author  met 
with  repeated  failures  when  trying  to  use  DMSO  as  the  solvent 
because  equilibration  times  were  very  long  and 


irregular 


despite  the  fact  that  the  instrunent  that  was  used  worked 
satisfactorily  with  other  solvents  such  as  acetone  and  methanol. 
Published  research  in  the  area  using  this  particular  solvent 
is  unavailable.  However,  Dr.  Bill  Beck  of  Hewlett-Packard, 

Inc.  (manufacturer  of  the  osmometer)  used  DKSO  as  a solvent 
system  with  success  in  one  instance.  Correspondence  with 
him  about  the  problem  encountered  in  this  investigation  yielded 
no  suggestions  to  initiate  proper  responses  with  the  available 
instrument.  Subsequently,  his  generous  offer  to  attempt  the 
analysis  in  his  laboratory  was.  accepted,  and  he  was  sent 
freshly  prepared  [Ni  (asoketomaor)  Cl, ) (Va)  and  fHKasoaldo- 
macr)Cl3l  (Vb).  A value  of  58  was  obtained  for  the  molecular 
weight  of  the  [Nl (asoketomaor) Cl s ) and  is  low,  even  allowing 
for  complete  ionisation  which  will  subsequently  be  shown  to 
be  inconsistent  with  conductance  studies  (vide  infra) . The 
calculated  molecular  weight  for  the  undissociated  species 
would  be  469.0  g/mole  whereas  the  apparent  molecular  weight 
expected  it  the  complex  dissociated  into  an  HL*'  and  two  Cl" 
ions  would  be  156.3  g/mole.  The  compounds  as  sent  were  not 
scrupulously  dried  as  a possible  time  delay  of  one  month  had 
l>een  indicated  before  the  analysis  could  be  run.  Thus, 
instructions  were  supplied  on  how  to  properly  dry  the  com- 
plexes before  analysis.  However,  the  drying  procedures  were 
neglected  and  the  samples  ware  run  as  received.  As  previously 
stated,  the  water  incorporated  into  the  solid  does  not  enter 
the  inner  coordination  sphere  of  the  Ni(ll).  Therefore,  it 
is  probable  that  the  molecules  of  water  contained  in  the 


solid  sample  ended  up  In  solution  as  discrete  particles. 

The  additional  entities  created  on  dissolution  would  cet- 
tainly  lower  the  apparent  molecular  weight  of  the  species. 
However,  the  value  of  58  obtained  by  experiment  would  require 
not  only  complete  dissociation  of  the  macrocycle  but,  in 
addition,  approximately  seven  molecules  of  water  per  complex 
that  dissolves,  a highly  unlikely  situation.  The  point  that 
is  noteworthy  is  that  the  low  rather  than  a high  value  in- 
dicates the  solution  of  the  complex  is  not  a colloidal  sus- 
pension, consistent  with  the  laser  studies  of  the  DMSO  solu- 
tions which  also  disproved  the  existence  of  colXodial  part- 

Characterization  of  the  compound  by  conductance  studies 
proved  to  be  difficult  also,  again  because  of  its  limited 
solubility  in  all  solvents  but  DMSO.  The  conductance  study 
was  undertaken  to  elucidate  the  composition  of  the  complex 
in  terms  of  whether  monomeric  ionic  entities  were  dissolving 
or  whether  it  was  some  type  of  oligomer.  The  possibility  of 
having  the  chlorine  atoms  bonded  to  the  organic  moiety  was 
entertained  as  an  explanation  of  the  solubility  character- 
istics. The  molecular  weight  data  cast  doubt  on  any  formu- 
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lation  in  solution  except  the  ionic  case  but  Che  ambiguity  of 
thoae  results  prompted  further  investigation  to  answer  these 
questions. 

The  DMSO  system  has  been  studied  as  the  solvent  for  var- 
ious electrolytes  and  is  reviewed  by  Geary^^  with  respect  to 
its  use  as  a solvent  for  coordination  compound  characteriza- 
tion through  conductance  studies.  Allen  et  al . ^ ^ and  Kane- 
Kaguire  et  al.‘^  have  studied  complexes  of  Jjl  electrolytes 
in  D.1S0  and  the  latter  have  found  the  molar  conductance,  A„, 
to  be  35  ohm'*'  can^  nole~'  for  the  complex  [Ru (en)  a (EzO) M3 ) 
IBCCcRj)  1.1 3 ■ This  value  was  obtained  at  2S°C  and  10~’M  con- 
centration and  is  consistent  with  a formulation  of  a 2sl 
electrolyte  according  to  the  authors.  The  conductance  data 
collected  on  the  (Ni (azoketomacrj Clil  and  the  [Nifazoaldo- 
macrlClz]  is  listed  in  Table  3,  and  shown  graphically  in  Figure 
3 and  seems  to  be  consistent  with  a degree  of  dissociation 
which  is  somewhat  less  then  complete. 

The  fundamental  objective  of  this  conductance  study  was 
to  determine  the  extent  to  which  the  complex  dissociated  in 
DMSO  solution.  A side  effect  to  be  considered  involves  the 
influence  of  traces  of  water  in  the  conductance  of  DMSO.  This 
effect  would  be  of  concern  when  using  D.^0  because  of  its 
hygroscopic  nature.  In  fact,  Butler* ’ points  out  that  none 

all  of  the  water.  Rigorous  precautions  in  removing  water  did 
raise  the  resistance  of  the  solvent;  but,  simple  drying  of 
DMSO  over  molecular  sieves  had  little  effect  on  the  conduct- 


ance.  A deteminatlon  of  che  conductance  of  fcaahly  opened 
Fisher  Reagent  Grade  DMSO  gave  a conductance  value  in  agree- 
ment with  that  previously  reported.  Further  teste  were  con- 
ducted in  this  laboratory  to  ascertain  the  effect  of  additional 
water  on  the  conductance.  The  results  indicated  that  addition 
of  up  to  two  percent  water  does  not  increase  the  conductance. 
Thus,  it  was  concluded  that  the  water  contained  in  the  D»SO 
dees  not  contribute  aignificantly  to  the  conductance  at  these 
levels.  The  other  concern  was  whether  the  water  would  have 
an  effect  on  the  displacement  of  the  chloride  ions  in  the 
first  coordination  sphere  of  the  macrocyolio  complex.  This 
effect  was  considered  negligible  also  since  the  complex  exhibits 
essentially  no  solubility  in  water  and  it  seems  unlikely  that 
the  presence  of  water  would  enhance  the  displacement  of  the 
chloride  ions  to  produce  a greater  number  of  separate  ions 
in  solution.  Therefore,  confidence  was  established  that  the 
effect  of  water  would  not  be  significant  on  the  values  deter- 
mined for  the  conductance,  and  the  discovery  of  other  experi- 
mental results  reported  where  BMSO  was  used  directly  from 
the  supplier  led  this  author  to  follow  that  practice  in  this 

The  Onsager  equation, *'•  A«A(-S/f,  provides  a description 
of  the  behavior  of  electrolytes  in  solution,  where  A - equi- 
valent conductance,  Aj  ■ limiting  equivalent  conductance  and 
C is  concentration  with  S being  a constant  relating  A and 
>'?.  If  A decreases  with  an  increase  in  concentration,  the 

an  electrolyte.**  Plops  for  the  system 


system  is  behaving 
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INi(asoketomacr)Clj?  given  in  Figure  3 show  this  relation- 
ship between  A and  C.  purthermora,  the  plot  of  A versus 
Jz  (Fig,  3)  is  a straight  line  as  would  be  expected  from 
the  Onsager  equation. 

These  data  support  ionic  dissociation  of  the  compound 
in  DHSO  solution.  If  the  solute  is  a well  behaved  electrolyte, 
an  additional  equation,  S ■ cAo  + S,‘*  can  be  used  as  a 
check  against  experimental  data.  Here,  S and  Ae  are  the 
same  terms  found  in  the  Onsager  equation  while  a and  S are 
constants  for  a specific  ion  and  solvent  and  values  for  a 
and  B have  been  calculated.  “ The  plot  of  A versus  /5  is 
obtained  from  experimental  data  with  the  intercept  yielding 
Ac  and  the  slope  yielding  S.  The  theoretical  slope  obtained 
from  the  equation  above  can  be  compared  with  the  experi- 
mental slope  from  the  graph.  If  the  experimental  and  cal- 
culated slopes  are  different,  it  can  either  mean  that  the 
type  of  dissociation  postulated  is  not  being  followed  or 
that  the  complex  is  that  type  of  electrolyte  but  is  remaining 
associated.  Most  data  have  been  collected  on  the  1:1  elect- 
rolyte systems  but  data  in  one  source^ ^ does  calculate  a 
value  of  a and  S for  2:1  electrolytes;  thus,  a computation 
of  the  theoretical  and  experimental  slopes  for  this  system 
is  possible  based  on  both  a 1:1  and  a 2:1  electrolytic 
behavior,  i.e.,  .'U.Xj  t.  hlX*  + X"  or  MLXi  X HL*’  + 2X" 
dissociation  paths.  The  results  of  these  calculations  ace 
shown  in  Table  3.  They  indicate  that  the  dissociation  behav- 
ior is  not  that  of  either  ideal  case  but  is  probably  somewhere 


in  between 
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The  same  conclusion  can  be  drawn  whan  the  contribution 
of  each  specific  ion  to  An  is  taken  separately.  The  value 
of  As  should  he  approximately  a sum  of  the  individual  ions. 
Chloride  ion  in  DMSO  has  a value  of  As  equal  to  23.9.“ 

Another  source**  notes  that  large  positive  ions  have  1,  values 
less  than  23.9:  a value  of  10. 0 has  been  reported  for  HejHN  , 
where  He  » methyl  and  R = 8 carbon  alkyl  chain.  Using  these 
values  and  calculating  As  for  the  MlXj  - HiX*  + X type  of 
dissociation,  As  would  fall  somewhere  between  24  and  34. 

-The  observed  As  assuming  this  type  of  dissociation  was  48 
which  would  require  much  too  high  a value  of  An  for  MLX  . 

Per  the  MLX,  - ML**  + 2x*.  A.  would  fall  between  48  and  58, 
again  assuming  a value  of  ten  or  less  for  the  positive  ion. 
The  observed  value  was  28  when  the  data  were  graphed  assujning 
this  pathway  and  is  much  too  low,  not  even  accounting  for 
the  two  chloride  An's  contribution  to  An  . Since  A has  a 
concentration  term  in  the  denominator  for  the  ions,  the 
actual  situation  seems  to  be  one  in  between  the  two  ideal 


cases  of  dissociation. 

One  arrives  at  the  same  conclusion  by  calculating  the 
value  of  the  specific  conductance,  x,  at  a given  concentra- 
tion. However,  the  procedure  is  very  similar  to  the  method 
of  comparing  the  theoretical  and  observed  A,.  Again  the 
results  did  not  conform  to  either  ideal  path  of  diesociation 
but  rather  to  a situation  in  between  the  two.  Therefore, 
the  complex  (Va)  tends  to  behave  as  an  electrolyte  in  the  DMSC 
solvent  but  it  does  not  conform  to  an  ideal  case  of  dissocia- 


Character- 


Two  additional  qualitative  tests  were 
ize  the  macrocycle  [Nl(atoketomacr)Cl j ) . The  first  of  these 
studies  was  in  DMSO  solution  and  involved  the  precipitation 
of  ionic  or  dissociable  chloride  as  silver  chloride  to 
deterroine  the  species  present  in  this  solution.  The  first 
attempts  to  precipitate  the  chloride  ion  with  silver  ion  in 
DMSO  were  inconclusive,  because  the  solution  of  the  macro- 
cyclic  complex  itself  is  so  highly  colored  that  it  masks 
the  visual  appearance  of  the  silver  chloride.  Silver  nitrate 
was  added  in  ten  percent  excess  based  on  the  availability 
of  two  moles  of  chloride  ions  per  mole  of  complex.  Another 
difficulty  encountered  was  that  the  silver  chloride  did  not 
appear  to  form  a precipitate  Immediately  at  the  concentra- 
tions of  10“’m  in  macrocycle  and  10*'h  in  silver  nitrate 
which  were  used.  Part  of  this  observation  may  have  been 
simply  due  to  the  intense  color  of  the  system  which  covered 
the  AgCl  particles.  The  particle  sire  of  the  precipitate 
produced  was  coo  small  to  allow  collection  by  filtration 
and  "digestion”  can  not  be  used  to  increase  particle  size 
because  Che  increased  temperature  decomposes  the  silver 
chloride  in  DHSO.*’  To  circu.iivent  the  inability  to  collect 
by  filtration,  the  system  was  centrifuged  for  an  hour  at 
moderate  speed  and  the  excess  DMSO  decanted.  This  procedure 
allowed  recovery  of  approximately  forty  per  cent  of  the 
theoretical  amount  of  chloride  based  on  two  ionizable  chlorides 
per  molecule  and  was  considered  sufficient  to  demonstrate  that 
the  complex  contained  ionic  or  potentially  removable 


chloride  ion.  Consequently,  the  tedious  precautions  of 
Luehrs  et  al . . ^ ^ were  not  employed  to  ensure  the  recovery 
of  all  the  silver  chloride  precipitate  to  allow  for  analysis 
of  the  chloride. 

The  second  series  of  qualitative  tests  were  employed 
to  show  the  stability  of  the  [Hi (azoketomacr) Cl:]  complex 
when  exposed  to  acid  treatment,  as  resistance  to  acid  hydro- 
lysis was  one  of  the  features  common  to  analogous  macrocyclic 
complexes.  In  order  to  determine  the  stability,  a suspension 
of  the  solid  complex  in  concentrated  hydrochloric  acid  was 
kept  at  40'C  for  a period  of  one  hour  at  reduced  pressure 
while  the  acid  was  being  removed  on  a rotary  evaporator.  The 
solid  remaining  was  analyzed  for  percent  composition  of  nickel 
and  found  to  be  well  within  the  expected  renge  for  (Ni(ezo- 
ketomacrlClj] . In  addition,  the  Infrared  spectrum  of  the 
acid  treated  sample  was  identical  to  untreated  samples  of 
the  complex.  Another  sample  was  subjected  to  concentrated 
nitric  acid  for  nearly  two  hours  under  identical  conditions 
to  the  hydrochloric  acid  treatment.'  The  sample  shewed  effer- 
vescence when  the  first  contact  with  the  acid  was  made  but 
no  reaction  was  noted  after  this  initial  one.  This  reaction 
was  presamed  to  be  the  oxidation  of  chloride  ion  to  chlorine 
after  examination  of  the  remaining  solid  showed  minimal  loss 
of  compound.  Also,  Che  solid  remaining  after  Che  acid  was 
removed  by  reduced  pressure  showed  an  identical  infrared 
spectra  to  that  shown  by  the  solid  obtained  from  the  attempts 
to  prepare  the  [Hi  [azoketomacr]  (NO: } j]  of  by  direct  synthesis 
when  using  nickelotis  nitrate  as  the  Ni(II)  ion  source.  Both 
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the direct  synthesis  using  the  nitrate  salt  could  not  1 
found  to  give  the  correct  analysis  for  nickel  assuming 
formulation  of  [tli  (aaokeComacrHNO)) 
these  two  compounds  seemed  to  be  mud 
analog  although  no  quantitative  data 
crystallization  was  not  effected. 

Several  attempts  were  made  to  obtain  a mass  spectrum  of 
the  compound.  In  each  case,  subjecting  the  sample  to  300^C 
in  the  sample  port  produced  a spectrum  with  no  peaks  of 
sufficient  intensity  over  the  back  ground  to  accound  for 
the  molecular  ion  or  any  fragment.  This  observation  is 
consistent  with  the  compound  being  ionic  and  supports  the 
data  found  in  the  molecular  weight  end  conductance  studies. 

Although  the  characterization  of  the  complex  [VKazo- 
ketomacrlClil  (Va)  does  not  allow  a definite  conclusion  to 
be  drawn  about  structural  features,  the  data  collected 
represents  an  extensive  use  of  readily  available  techniques. 
It  does  appear  that  the  formulation  of  a nickel  ion  sur- 
rounded by  a tenaciously  held  organic  planar  ring  with  two 
chloride  ions  occupying  the  axial  positions  of  the  coordina- 
tion sphere  is  at  least  consistent  with  the  data.  Other 
systems*^*^’  have  met  with  the  seme  or  more  difficulty  in 
characterization  and  similar  conclusions  have  been  drawn. 


J.  [Ni  (azoaldonacr}  CI2  ] 


The  successful  preparation  of  [Ni {aroketontacr] Clsl 
logically  led  to  attempts  to  synthesize  structurally  related 
compounds.  In  the  seleotion  of  precursors  to  these  analogs, 
consideration  was  given  to  the  steric  strain  present  in  INi- 
(asoketomacr) Cl: ] as  suggested  by  a Framework  Molecular  Model. 
Specifically,  the  apparent  strain  Involved  the  two  methyl  groups 
on  the  DAP  (VIII)  moiety.  The  steric  interactions  between 
methyl  groups  and  the  benzene  rings  might  cause  a puckering 
of  the  macrocycle,  which  in  turn  would  affect  the  distance  of 
closest  approach  for  the  out  of  plane  coordination  sites.  It 
was  anticipated  that. this  effect,  if  significant,  would  be 
reflected  by  the  magnetic  susceptibility  of  the  compound.  If 
the  axial  distances  are  indeed  significantly  altered,  the 
o»rdination  of  the  complex  would  vary  from  an  octahedral,  high- 
spin  case  for  close  approach  to  a square  planar,  low-spin  case 
for  long  axial  distances.  Even  though  the  observed  anomalous 
magnetic  susceptibility  of  the  [N1 (azoketomacr) Cl: I complex 
was  inconsistent  with  either  limiting  case,  it  was  attractive 
to  pursue  investigations  of  analogs  to  INi (azoketomacr) Clj J in 
an  effort  to  identify  the  causes  of  the  unusual  experimental 
value  of  the  magnetic  moment. 

Accordingly,  2 ,6-pyridinedicarboxaldehyde  (PDC,  IX)  was 
selected  as  the  carbonyl  containing  reactant,  replacing  the 
methyl  groups  of  DAP  (VIII),  a precursor  of  [Hi (azoketomacr) Clj I , 
with  hydrogen  atoms.  A Framework  Molecular  Model  shows  that 
this  change  allows  the  raacrocyclic  ligand  to  assume  a completely 
planar  configuration  without  steric  strain. 


Thus,  the  reactants  chosen  to  condense  into  the  final 
macrocyclic  ligand  were  PDC  (IX]  and  OOOAAB  (VII)  in  a one  to 
one  stoichiometric  ratio.  The  dialdehyde  compound  (IX),  at 
one  time  commercially  available,  had  been  shown  to  undergo 
Schiff  base  condensations  and  some  of  its  complexes  were 
subsequently  studied.”  Thus,  it  was  ideal  for  Incorporation 
into  the  macrocyclic  analog  of  [Ni (azoketomacr) Cli ! . Unfor- 
tunately, the  PDC  (IX)  was  no  longer  available  because  the 
process  from  which  it  was  derived  as  a by-product  had  been 
discontinued.  ’’  ’ 

Accordingly,  it  was  necessary  to  prepare  the  PDC  (IX) . 

In  principle,  the  comg>ound  can  be  synthesized  by  a three-step 
process.  After  preparing  the  bis(n-butyl)  ester  of  2,6-py- 
ridinedioarboxylic  acid  (XV),  one  can  convert  it  to  the 
dialcohol  (XVI)  by  reducing  it  with  lithium  alxminum  hydride.’* 
Subaaquently,  the  alcohol  (XVI)  can  be  oxidized  to  the  de- 
sired dialdehyde  (PDC,  IX)  with  manganese  dioxide.  ” This 
synthetic  route  was  attempted;  but,  it  met  with  only  limited 
success  because  the  reduction  step  resulted  in  extremely  low 
yields  of  the  dialcohol  (XVI) . The  desired  dialdehyde  was 
successfully  and  straightforwardly  prepared  but  the  small 
amounts  of  the  precursor  alcohol  (XVI)  limited  the  quantity 
possible.  Preparation  of  the  dialdehyde  (IX)  in  larger  quant- 
ities was  possible  when  the  alcohol  precursor  became  oommerci- 
ally  available.  The  oxidation  of  the  alcohol  to  the  alde- 
hyde group  was  carried  out  following  the  method  of  Papadopoulos , 
et  al.  ” Purification  of  the  dialdehyde  (IX) 


was  affected  by  coLujitn  chromatography  employing  a silica  gel 
oolimn  and  eluting  with  an  eighty  percent  benzene-twenty  per- 
cent ethyl  acetate  mixture.  The  middle  fraction  of  eluent 
was  found  to  contain  the  pure  dialdehyde  after  removal  of 
solvent.  This  purification  procedure  was  adopted  after  the 
reported  literature  method  for  recrystalization  was  found 
to  be  inadequate.  Interest  in  obtaining  the  starting  materials 
in  as  pure  a form  as  possible  was  initiated  in  an  effort  to 
reduce  the  Introduction  of  other  organic  compounds  into  the 
reaction  mixture.  I^eflection  about  the  properties  of  [!U(azo- 
ketomacr)Cli]  had  led  to  the  conclusion  that  if  the  proposed 
analog  behaved  similarly,  there  would  be  no  convenient  way  to 
purify  the  product  once  formed.  Thus,  it  seemed  essential  to 
carry  out  the  synthesis  with  compounds  as  pure  as  possible. 

The  first  attempts  to  synthesize  [Ni  [azoaldomaor^ClsI 
paralleled  the  three  methods  previously  found  to  be  success- 
ful for  the  preparation  of  INi (azoketomacr)Cl2] . The  "tem- 
plate reaction",  i.e.,  slow  addition  of  the  ethanolic  OODAAB 
(VII)  solution  to  a refluxing  ethanol  solution  of  the  nickel 
(II)  chloride  salt  and  PDC  (IX)  was  tried  first  because  it 
seemed  to  offer  the  most  logical  promise  of  success  after  in- 
vestigating the  preparative  routes  used  for  the  keto  analog. 

A red-brown  solid  was  isolated  which  was  characterized  by 
an  infrared  spectrum  very  similar  to  that  of  [Ni (azoketonacr) - 
Cljl.  Howaver,  the  elemental  analysis  showed  a low  value  for 
nickel  (10.55)  and  nitrogen  (14.85)  and  a high  value  for  the 
carbon  (56.00)  and  hydrogen  (3.71)  relative  to  the  values 


calculated  for  a [Ni  CazoaIdoinacc)Cl2  j [13.31,  15.88,  51.75 
and  3.97  percent,  respectively).  The  procedure  was  repeated 
several  tines  to  loore  carefully  handle  and  collect  the  product 
because  of  the  confidence  placed  in  the  potential  success  of 
this  nethod.  There  was  sufficient  variation  in  the  elemental 
analyses  for  the  product  collected  in  these  initial  experi* 
ments  that  no  assignment  of  a definite  fomulatlon  was  attempt* 
ed.  Monetheless,  this  author  believed  that  the  solid  contained 
some  of  the  desired  iHi{a2oaldoincr)Cljl  because  of  the  similar- 
ity in  physical  properties  to  those  of  the  keto  analog.  Namely, 
the  color  changes  observed  during  the  course  of  the  reaction 
were  similar  to  those  observed  during  the  preparation  of 
[Ni(azoketomacr)Clil  and  the  infrared  spectra  were  very  similar. 
There  appeared  to  be  two  rational  explanations  for  the  inability 
to  isolate  the  pure  [Ni (azoalkoraacr) Cli I . One  of  these  explan- 
ations was  that  the  desired  product  *ias  indeed  formed,  but 
with  inclusion  of  solvent  and/or  water.  This  rationalization 
was  attractive  in  view  of  the  analytical  results  but  would 
imply  that,  for  some  reason,  the  material  did  not  have  the 
adhered  solvent  and/or  water  removed  by  drying  ^ vacuo  for 
12  hours  at  ambient  temperature,  the  same  treatment  found 
successful  for  the  keto  system. 

The  second  proposed  explanation  concerning  the  inability 
to  isolate  the  [Ni (azoaldomacr) Cli 1 complex  was  that  the 
carbonyl  and  amine  function,  although  condensing,  did  not 
eliminate  a water  molecule  and  proceed  to  the  doubly-bcnded 
Schiff  base.  This  would  produce  an  amine-carbinol  intermediate. 


OH  ^ 

R-C-S^  , an  observation  reported  previously.’* 
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The  Infrared  spectra  verc  not  as  helpful  as  they 
norroally  would  be  in  deducing  which,  if  either,  of  the  pos- 
sibilities sxiggested  was  correct.  Specifically,  this  dif- 
ficulty was  due  to  the  presence  of  a broad  intense  absorption 
at  3350  cm”‘.  ."Ibsorptiona  in  this  region  are  undoubtedly 
due  to  OH  and/or  HH  stretching  modes;  but,  the  band  was  so 
broad  that  it  could  not  be  sufficiently  resolved  to  assign 
any  specific  vibrational  modes.  The  broadness  of  the  band 
was  considered  to  result  from  hydrogen  bonding.  It  is  signifi 
cant  to  note  that  this  same  band  is  present  in  the  spectrum 
of  the  keto  analog;  at  a much  later  point  in  time  during  the 
course  of  these  investigations  a method  was  found  to  remove 
the  contaminants  (solvent  end  water]  responsible  for  the  band 
(vide  infra) . 

Continuing  to  operate  on  the  assumption  that  some  of 
the  desired  product  was  present  in  the  solid  collected, 
several  different  techniques  of  recrystallization  were  used 
in  an  effort  to  purify  the  product.  At  the  time,  simple 
attempts  to  recrystallize  the  compound  from  methanol  or  ethanol 
as  well  as  from  solvent  mixtures,  produced  rather  unusual 
and  inconsistent  results.  At  one  point  a mixture  being  used 
for  recrystallization  was  put  on  a medium  sintered  glass 
filter  with  no  solid  being  retained  on  the  frit;  however, 
when  the  "filtrate"  from  the  first  filtration  was  passed 
through  a fine  sintered  glass  filter,  a solid  which  had 
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propertiss  identical  to  those  of  the  initial  solid  being 
recrystallized  was  separated  from  a colorless  filtrate. 
Frequently,  a "solution"  could  not  be  effected  from  the  crude, 
dried  product.  At  other  times,  no  solid  could  be  produced 
by  reducing  the  volume  of  a recrystallization  mixture  until 
the  very  last  amount  of  solvent  was  removed  at  which  time 
the  mixture  seemed  to  turn  completely  to  solid.  In  retro- 
spect, these  attempts  were  quite  futile  since  the  compound 
is  not  soluble  in  the  solvents  employed  and  produced  only 
colloidal  suspensions.  In  view-of  this  later  revelation, 
the  results  noted  during  the  recrystallizations  are  explain- 
able: but,  at  the  time,  they  were  disturbing,  especially 
since  none  of  the  "purifications"  resulted  in  recovery  of 
pure  [Ni (azoaldomacrl Clil . 

Although  a variation  of  all  the  parameters  present  in 
the  "template  reaction"  had  not  been  exhaustively  explored, 
a different  strategy  for  the  reaction  was  chosen.  The 
method  followed  the  procedure  used  in  one  of  the  successful 
preparatiors  of  (Si  (azo)tetoraacr)Cla  1 and  involved  in  different 
sequence  of  addition  for  the  reactants.  The  "delay  reaction* 
allowed  OODAA3  IVIl)  and  PDC  iZX)  to  be  a contact  in  an 
ethanol  solution  for  a few  minutes  before  addition  of  the 
metal  ion  as  a solid  hydrated  salt.  The  product  obtained 
from  such  an  approach  was  very  similar  to  that  recovered 
from  the  "template  reaction"  method  previously  used. 

The  next  approach  used  in  an  attempt  to  prepare  the 
desired  complex  {vb)  was  patterned  after  the  third  successful 
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method  used  to  prepare  the  keto  macroeycle . Using  the  pre- 
formed [Ni (OODhAB-K] Cl]  (XII)  as  a starting  material  toget- 
her with  PDC  (IX)  produced  comparable  results  to  the  two 
methods  described  previously.  Thus,  none  of  the  three 
procedures  found  successful  for  the  keto  analog  was  success- 
fully employed  for  the  preparation  of  (Xi (asoaldomaorj Cl j] 

(Vb) . 

The  first,  new  modification  in  procedare  involved 
changing  the  sequence  of  addition  for  the  starting  materials, 
so  that  there  was  not  a large  excess  of  either  organic  portion. 
Ethanol  solutions  of  OOOAAB  (VII)  and  PDC  (IX)  were  placed  in 
separate  dropping  funnels  and  added  simultaneously  and  slowly 
to  a refluxing  ethanol  solution  of  nickelous  chloride  produc- 
ing a red-brown  solid;  the  solid  was  not  the  desired  [llitaso- 
aldomacr)Cl2]  but  rather  a product  which  exhibited  the  same 
characteristics  noted  in  the  prior  attempts,  viz.,  incorrect 
elemental  analyses  and  an  infrared  spectrum  similar  to  that 
of  [Ni (aaoketomacr) Cls) . 

One  possible  explanation  of  the  inability  to  obtain 
{Hi  (azoaldomacr)Clj]  Involved  the  formation  of  the  amine- 
carbinol  from  the  carbonyl  and  amine  rather  than  the  Schiff 
base.  Even  though  the  elemental  analyses  did  not  conform 
to  a specific  formulation  involving  the  amine-carbinol 
structure,  che  fact  that  the  drying  process  employed  up  to 
this  point  did  not  remove  the  ■contaminants"  suggested  that 
they  might  be  bonded  and/or  distributed  in  a different  manner 
than  was  observed  for  the  keto  analog.  If  the  condensation 


process  wss  not  complete,  the  "drying''  would  not  likely 
remove  e water  molecule,  e behavior  consistent  with  the 
reported  literature. ^ ‘ In  an  effort  to  enhance  the  equili- 
brium condition  for  the  completed  condensation,  (Ni (glyrae) iCls] 
was  used  as  the  source  of  !4i(ll).  Therefore,  the  only  water 
in  the  system  should  come  from  the  elimination  step  of  the 
completed  condensation.  However,  elemental  analysis  of  the 
product  prepared  from  the  Itli  (glyme)  jClj  1 did  not  conform  to 
the  desired  macrocyclic  complex. 

The  next  attempt  Co  create  ..a  favorable  equilibrium 
condition  for  the  elimination  step  involved  the  use  of  a 
dehydrating  agent  that  would  drive  the  reaction  on  to  the 
desired  Schiff  base  by  removal  of  a water  molecule  from  the 
hydroxy  intermediate.  The  method  of  dehydrating  that  was 
tried  first  involved  addition  of  15  to  20  ml  of  2 , 2-dimethoxy- 
propane  (XVll)  to  the  preparations  which  followed  identically 
the  three  successful  methods  utilized  in  the  [Hi (azoketomacr) Clj ) . 
This  method  did  not  produce  favorable  results  as  the  product 
isolated  had  an  even  lower  nickel  content  (10. SO  percent]  than 
the  preparations  where  no  dehydrating  agent  was  added.  In 
fact,  the  absorption  at  1700  cm~‘  in  the  infrared  spectrum  was 
assigned  to  an  unreacted  carbonyl  group  which,  if  arising  from 
Che  PDC  (lx)  starting  material,  would  indicate  that  conden- 
sation had  not  occurred.  Another  possible  but  unlikely  source 
of  the  carbonyl  absorption  did  exist,  i.e.,  the  2 ,2-dimethoxy- 
propane  propane  solvolysis  products  are  methanol  and  acetone; 
but,  it  is  difficult  to  rationalise  the  incorporation  of 


appreciable  amounts  of  acetone  into  the  product  isolated.  Had 
the  acetone  molecules  been  trapped  in  the  lattioe  network  of 
the  eooplex,  it  is  unlikely  that  they  would  remain  in  the 
lattice  after  subjecting  the  complex  to  3 to  12  hours  in  vacuo. 

Some  of  the  solid  product  produced  via  the  above  tech- 
nique was  suspended  in  2 ,2-dimethoxypropane  for  various  lengths 
of  tine  and  at  different  temperatures  in  an  effort  to  drive 
the  condensation  of  the  carbonyl  and  amine  groups  to  comple- 
tion. These  modifications  did  not  seem  to  alter  the  product 
in  any  manner.  In  fact,  one  of  the  samples  analyzed  after 
this  type  of  treatment  yielded  a nickel  composition  of  9.50 
percent,  the  lowest  of  any  isolated  solid  in  the  experiments 
designed  to  produce  [Ni <a2oaldQmacr)Cl2] . 

Since  simple  addition  of  the  dehydrating  agent  to  a 
reaction  mixture  did  not  result  in  the  successful  isolation 
of  the  desired  complex,  an  obvious  extension  of  the  process 
was  to  use  2,2-dimethoxypropane  (XVII)  as  the  solvent.  Again, 
the  three  basic  methods  found  successful  for  preparing  the 
[m(azoketomaer)Clj]  were  followed  except  for  using  2,2-di- 
nsthoxypropane  rather  than  ethanol  as  the  solvent.  These 
preparations  also  led  to  a' product  similar  in  physical  appear- 
ance to  that  of  tSitazoketomaor)Clal  but  with  low  nickel 
analyses  as  compared  to  the  theoretical  value  for  [Ni(azo- 
aldomacr]cl2l . In  addition,  the  infrared  spectrum  of  the 
solid  continued  to  exhibit  a carbonyl  absorption  as  it  did 
in  the  experiments  where  2,2-dimethoxypropane  was  just  added 
to  the  regular  reaction  mixtures. 


The  eaiae  experljnental  procedure  was  followed  again  but 
with  triethylortlioformata  (Will)  replacing  the  2 , 2-dimethoxy- 
propane  as  a dehydrating  agent.  This  attempt  also  failed  to 
yield  the  pure  CMi (ssoaldoniaor) CI2]  as  evidenced  by  the  low 
nickel  analyses  obtained. 

A suggestion  to  try  a 6:1  by  volume  tetrahydrofuran : 

BjO  as  a solvent  system  resulted  from  consultation  with  Dr. 

J.A.  Deyrup”  about  the  synthetic  approaches  to  the  desired 
[Niiasoaldomacr)Cl!] . This  mixture  was  used  as  the  solvent 
while  the  procedures  patterned  after  the  successful  keto 
preparations  were  followed  but  no  useful  product  was  able  to 
be  isolated  from  any  of  the  attempts. 

Since  none  of  the  previously  described  experiments 
resulted  in  the  isolation  of  the  desired  macrocyclic  complex 
(Vb) , a critical  evaluation  of  the  system  and  reactants  was 
undertaken,  It  is  known**  that  the  aldehyde  functionality 
is  more  reactive  than  the  ketone,  so  it  was  questioned  whether 
the  conditions  employed  in  the  previous  reactions  were  leading 
to  onw'anted  reaction  products  via  other  reaction  paths. 
Presumably  then,  less  severe  conditions  could  be  used  to 
effect  the  preferred  condensation.  Three  additionai  parameters 
were  selected  as  variables:  the  amount  of  acid  catalyst,  the 

length  of  reaction  and  the  temperature.  Removal  of  the 
mineral  acid  had  actually  been  effected  during  some  of  the 
previous  experiments,  because  it  was  suspected  that  the 
equilibrium  condition  involving  the  formation  of  an  Imine 
linkage  from  an  aldehyde  starting  material  might  be  affected 


to  a greater  degree  than  in  the  keto-imine  case.  A systematic 
series  of  experiments  was  Chen  conducted  in  which  procedures 
paralleling  the  three  successful  methods  for  the  keto  system 
were  carried  out  except  that  no  mineral  acid  was  added.  These 
experiments  produced  solids  having  the  same  properties  as 
those  noted  when  additional  mineral  acid  was  used,  i.e.,  not 
the  desired  macrocyclic  complex.  Similar  observations  are 
not  surprising  in  the  light  of  a later  discovery,  namely  that 
a proton  is  lost  from  an  amine  function  whenever  a complex 
is  formed  with  OOEWiAB.  Honetheless,  there  should  not  have 
been  any  additional  acid  remaining  once  the  condensation  was 
completed  since  the  acid  generated  in  the  formation  of  the 
of  the  amine  complex  is  used  up  stoichiometricaily  by  the 
subsequent  formation  of  the  Schiff  base  from  the  amine  com- 


Several  experiments  were  next  conducted  using  the  three 
basic  methods  employed  for  the  keto  system  but  in  which  the 
length  of  reaction  was  varied  from  one  to  forty-eight  hours. 

The  products  isolated  from  this  aeries  of  preparations  vrere 
very  similar  in  color,  texture,  spectral  properties  and 
elemental  composition  to  those  collected  in  prior  preparations. 
Thus,  no  [Mi  (azoaldomacrJCljl  had  been  isolated  from  any  of 
the  approaches  up  to  this  point. 

A reduction  in  the  reaction  temperature  represented 
the  third  attempt  to  reduce  the  severity  of  the  conditions. 

It  turned  out  that  the  attempts  to  prepare  KBr  pellets  of  the 
(Mi  (azoketomacrjCljl  under  very  dry  conditions  were  being 


conducted  simultaneously.  These  pellets  were  subjected 


temperatures  of  70  to  Bfl'C  ^ vacuo  over  P>Ou  in  order  to 
remove  the  water.  Since  the  equipment  was  set  up  and  in 
operation,  the  solid  from  the  preparation  described  below 
was  also  dried  in  this  manner.  The  "template  reaction"  was 
used  following  exactly  the  method  used  for  the  INKazoketo- 
macrlClrJ  except  that  the  temperature  of  the  reaction  system 
was  kept  at  40"C,  Instead  of  refluxing  ethanol.  The  product 
prepared  in  this  experiment  and  dried  as  described  for  12 
hours  produced  the  pure  [Ni (azoaldomacrJClri  as  evidenced 
from  elemental  analysis  and  characterization  described  later. 
The  product  as  Isolated  from  the  reaction  and  dried  in  vacuo 
at  ambient  temperatures  for  the  same  period  of  time  retained 
what  corresponds  to  roughly  0.5  mole  of  ethanol,  and  0.5  mole 
water  per  mole  of  [Ni (azoaldomacrjClj ] . The  desired  complex 
can  also  be  prepared  by  the  "delay  reaction"  and  by  the  method 
using  the  preformed  tMi (OODAAB-h)Cl)  as  one  of  the  starting 
materials,  as  long  as  the  solid  isolated  from  the  reaction 
vessel  is  dried  in  vacuo  at  the  elevated  temperature.  The 
similarity  of  the  infrared  spectra  of  the  desired  product 
and  the  previously  isolated  products  gives  reason  to  believe 
that  many  of  the  other  methods  of  attempted  preparation  would 
have  produced  the  [Hi (azoaldomacrjcl] ] had  the  proper  drying 
technique  been  employed.  This  suspicion  was  not  checked, 
however,  because  the  main  thrust  of  this  research  was  to 
synthesize  a suitable  product,  not  to  exhaust  all  possible 
methods  of  preparation. 


The  succassf-jl  preparation  used  a few  drops 


rated  hydrochloric  acid  as  a catalyst  for  the  inine  bond 
formation,  As  with  the  [Ni <atoketomacr)Cl2] , there  was  no 
syatenatic  study  undertaken  to  determine  if  the  acid  catalysis 
was  necessary  for  the  production  of  the  macrocyclic  complex. 
However,  the  stability  of  the  complex  to  acid  treatment  was 
tested  in  a manner  similar  to  that  used  for  the  [HKasoketo- 
macr}Cl2]  system.  Some  of  the  solid  [Ni <azoaldomacr)Clj] 
was  suspended  in  concentrated  hydrochloric  acid  at  a tempera- 
ture of  40*c  and  held  at  this  temperature  for  a period  of  one 
hour  while  the  acid  was  removed  on  a rotary  evaporator.  The 
solid  remaining  was  found  to  contain  13,15  percent  nickel, 
a value  equal  to  the  theoretical  value  of  13.31  percent  within 
experimental  error.  In  addition,  the  infrared  spectrum  was 
identical  to  an  untreated  sample  and  there  was  minimal  loss 
of  solid,  indicating  no  significant  decomposition  had  occurred 
on  exposure  to  concentrated  acid.  The  remaining  characteri- 
zation of  [Ki (azoaldomacr)Cl2 ) follows  very  closely  that  of 
its  analog  [Ni (azoketomacr) Cl: ] . The  experimental  data  and 
the  conclusions  drawn  from  it  will  be  presented  in  the  follow- 
ing text,  although  much  of  the  background  presented  in  Section 
A for  the  tNi(azoketomacr)Clj3  complex  will  not  be  repeated 
because  of  its  redundancy. 

The  infrared  spectrum  of  the  [Ni (azoaldomacr)Cl: J is 
shown  in  Figure  4.  It  is  very  similar  to  the  analog  made  from 
the  ketone  precursor.  The  spectra  of  [Hi (OOOAAB-H) C13  (XII) 
and  2 , S-pyridinedicarboxaldehyde  (IX)  are  shown  as  the 
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precursors  o£  the  macrocyclic  complex.  As  with  the  (Mitaeo- 
ketomacrjClsl , the  spectrum  is  seen  to  be  nearly  a composite 
of  the  precursors  except  for  the  absence  of  absorptions  aris- 
ing from  the  carbonyl  stretch  and  the  coordinated  primary 
amine  NK  and  deprotonated  amine  NH  stretching.  The  new  azo- 
methine  absorption  is  obscured  by  the  profusion  of  C=C,  C<N 
(pyridine)  and  absorptions  which  were  already  present 
in  the  precursor  molecules  and  absorb  in  the  same  region  of 
the  spectra  as  the  newly  formed  azomethine  linkages.  The 
absorption  around  3350  cm~‘  is  discussed  in  the  {Hi(azoketo- 
macr)Cl,)  section. 

The  solubility  of  the  complex  proved  to  he  extremely  low 

Clil.  Very  high  extinction  coefficients  allowed. spectra  in 
the  ultraviolet  and  visible  region  to  be  taken  In  OMSO.  These 
data  are  shown  in  Table  1.  The  and  extinction  coefficients 

are  very  similar  to  those  found  for  the  [NifazoketomacrjCljl , 
reflecting  the  formal  and  actual  similarity  of  the  two  complexes. 
[Nl(azoaldomacr)Cl2]  exhibits  the  sane  solution  phenomena  as 
its  analog,  also.  Namely,  a true  solution  is  obtained  in 
DMSO,  whereas  the  ethanol  mixtures  are  colloidal.  The  reac- 
tion mixture,  the  nujol  mull  and  the  prepared  "solution" 
from  isolated  and  dried  compound  are  all  very  similar  for 
the  macrocycle  and  no  change  is  noted  in  the  ethanol  "solution" 
for  up  to  3 months.  In  contrast  to  this  behavior  is  the  fact 
that  DMSO  solutions  change  on  standing  as  was  the  case  with 
the  keto  analog.  This  effect  is  not  ncticeable  after  1 day 


jfra  Red 


but  seen*  to  be  rather  complete  within  10  days.  Coopariaon 
of  the  ultraviolet-visible  spectra  for  the  aldo  and  keto 
asomacrocycle  indicate  some  obvious  differences 
tion  pattern  as 
indicated  a slight  difference 


absorp- 

similarlties.  Visual  appearance  also 
color  of  the  two  solutions. 


a striking  w 


B noted  that 


The  differences  bi 
the  basic  macrocyclic  rings  for  the  two  complexes  are  identical, 
the  only  difference  being  a change  in  substituents  attached 
to  the  conjugated  system.  This  change  in  structure  should 
have  relaUvely  little  effect  on- the  charge  transfer  spectra.’* 
It  is  therefore  entirely  reasonable  to  assume  some  other  effect 
is  operative  in  the  two  systems  which  causes  the  difference 
in  spectra.  This  effect  could  well  be  the  steric  effects  men- 
tioned earlier  which  prompted  the  synthesis  of  the  t*^--(aso- 
aldomacr)Cl2l.  The  presence  of  the  methyl  groups  in  the  keto 
system  may  cause  sufficient  puckering  to  exist  in  the  organic 
ligand  so  that  the  charge  transfer  hands  are  affected  slightly. 

The  magnetic  moment  of  (Nt {azoaldomacr) Clz3  was  determined 
to  be  2.16-2.20  B.H.  at  ambient  temperature  for  several  measure- 
ments where  the  temperature  varied  from  22. 0-25. 0“C.  The  temp- 
erature dependence  data  are  presented  in  Figure  5 and  Table  4. 
The  observed  magnetic  moment  represents  an  anomalous  value 
for  Nidi},  i.e.,  it  corresponds  neither  to  a normal  square 
planar  geometry  (Ugjf'O)  nor  to  a normal  octahedral  geometry 
(Ugf£»2.B).  An  anomalous  value  was  obtained  also  for  the  keto 
analog  and  the  two  possible  explanations  for  the  value  observed 
in  the  keto  compound  would  apply  for  this  complex.  The 


pcssibility  of  a sin^lec-triplec  equilibrium  causing  the 
anomalous  value  was  explored  by  a temperature  study  of  the 
magnetic  susceptibility.  This  data  (Figure  5 and  Table  4) 
shows  a normal  Curie-Weiss  behavior  with  a value  for  8 being 
approximately  zero  as  given  by  extrapolation  of  the  vs 

T plot.  Thus,  as  for  the  keto  case,  this  type  of  temperature 
dependence  discounts  a singlet-triplet  equilibrium.  The 
values  from  -4*K  to  -iOO*K  were  measured  at  Caltech**  while 
the  range  studies  in  this  laboratory  was  from  -100*  to  -400*K. 
The  other  possible  explanation  for  values  other  than 

the  norroal  high  spin  or  low  spin  value  involves  a mixture 
of  different  types  of  coordination  in  the  bulk  solid.  If 
this  is  the  case  for  [Mi (asoaldomaorl Cl; ] , then  the  ratio  of 
high  spin  to  low  spin  would  be  1:1.  As  stated  previously, 
one  of  the  reasons  for  preparing  this  compound  resulted  from 
a study  of  Framework  Molecular  Models  which  indicated  that 
a considerable  amount  of  steric  interaction  would  be  removed 
in  the  planar  ligand  of  [Ui (azoaldomacr) Clj]  as  compared  to 
its  analog.  It  was  tempting  to  speculate  that  the  out  of 
plane  coordination  sites  would  become  more  accessible  in  the 
aldo  compound  and  thus  allow  an  octahedral  geometry  to  be 
more  nearly  realized.  Thus,  the  u^^^  should  be  larger  in  the 
aldo  macrocycle.  This,  in  fact,  was  obsaruedi  but,  the  temp- 
erature dependence  data  does  not  support  this  original  postu- 
late which  should  show  a narked  dependence  of  mn  T*K. 

Therefore,  the  only  reasonable  conclusion  is  that  the  packing 
for  the  two  compounds  creates  two  different  types  of  geometry 


Table  4.  Tenperature  depersdance  o£  magnetic  susceptibility 
end  moment  for  [111 (azoaldomaci;) Cl: ! . 


*MeaaureriBnta  ta)cen  at  a temperature  less  than  100*14  were 
performed  at  Caltech.** 


**Pe£lects  a diamagnetic  correction  of  205.8  x 10  * c.g.s. 


•***R.T.  values  represent  an  average  of  seven  measurements 
made  on  the  sample  over  a period  of  2 months  (compound  was 
kept  at  dry  ice  T*K  in  vacuo  between  measurements) . 
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around  the  Si (II)  making  some  of  them  low  spin  and  some 
spin  in  the  ratios  previously  tabulated,  confidence  in  the 
data  results  from  the  same  considerations  used  in  the  keto 
analogi  1|  agreement  of  x„  vaiues  taken  at  two  different  field 
strengths,  and  2)  agreeme.nt  of  data  taken  by  two  different 
investigators  employing  different  techniques.  The  solution 
value  of  Ugij  was  not  obtainable  by  the  Guoy  or  p.m.r.  method 
due  to  the  limited  solubility  of  the  [tJl  (asoketomaor)  Clj]  and 
tNi(asoaldomacr)Ci) . 

Synthesis  of  the  complex  wtth  different  anions  was 
attempted  in  an  effort  to  clarify  the  explanation  for  the 
“off  there 

was  no  success  in  isolating  any  purified  complexes  from  these 
experiments. 

One  additional  nagnetic  susceptibility  study  was  con- 
ducted on  the  [iJi  (asoaldomacr)  Clz)  complex  to  further  char- 
acterise the  complex.  As  noted  previously,  the  solid  collected 
from  the  reaction  mixture  and  dried  in  vacuo  at  ambient  temp- 
erature corresponded  roughly  to  the  desired  complex  with  0.5 
mole  ethanol  and  0.5  mole  water  per  mole  of  complex.  It 
would  be  of  interest  to  know  the  nature  of  these  solvent 
molecules  in  terms  of  whether  or  not  they  were  included  la 
the  first  coordination  sphere  of  the  metal,  were  they  indeed 
located  in  the  immediate  vicinity  of  the  metal  center,  the 
removal  of  these  and  the  presumed  replacement  of  them  with 
the  chloride  ions  should  have  an  effect  on  the  observed 
magnetic  moment.  A temperature  dependence  determination  was 


conducted  on  a sample  which  contained  the  solvent;  it  was 

identical  to  that  of  the  subsequently  dried  sample.  This 

plex  in  a manner  other  than  in  the  first  coordination  sphere 
of  the  metal.  The  rather  consistent  amount  of  solvent  in- 
clusion in  the  sample  suggests  that  it  might  occupy  specific 
lattice  sites.  Therefore,  these  observations,  coupled  with 
the  absence  of  any  examples  of  Ni(II)  macrocyules  vhere  a water 
molecule  in  the  first  coordination  sphere  can  be  removed 
under  the  conditions  specified,  offer  support  for  the  con- 
tention that  the  complex  is  composed  of  a planar  ligand  and 
two  chloride  ions  surrounding  a Si<II)  center. 

The  conductance  studies  were  carried  out  in  DMSO.  As 
did  the  keto  analog,  the  complex  produced  a collodial  sus- 
pension in  ethanol  and  the  reaction  mixture  was  also  colloidal. 
The  nature  of  the  solutions  was  determined  by  testing  for  the 
Tyndal  effect  employing  a small  laser.  The  conductance  data 
were  analyzed  in  a fashion  similar  to  that  used  for  [Ni(azo- 
ketomacr)Clj] . The  data  confirmed  that  the  complex  was  be- 
having as  an  electrolyte  in  DMSO,  but  was  not  completely 
dissociated  into  MX.'*'*  and  Cl~  species,  where  L represents  the 
planar  organic  ligand.  This  behavior  is  similar  to  that  noted 
for  the  keto  analog. 

The  molecular  weight  determination  by  vapor  phase  osmo- 
metry in  DMSO  was  performed  at  Hewlett  Packard  labs  by  Dr. 

Sill  Beck.  An  experimental  value  for 


106 


Biolecular  weight  fits  reasonably  veil  for  a formulation  of 


IMifaroaldomasrjCl]  (O.S  £tOH){9.5  HjO)],  the  same  formulation 
that  fit  quite  well  with  the  elemental  analysis  of  the  pro- 
duct as  collected  from  the  reactions  and  dried  ^ vacuo  at 
room  temperature.  If  complete  dissociation  into  four  "particles" 
per  mole  of  complex  is  assumed,  the  theoretical  molecular 
weight  would  be  118.  The  possibility  of  having  the  solvent 
molecules  included  in  Che  sample  come  as  a result  of  the 
sample  not  being  dried  vacuo  over  P^Oi 9 at  70*C  as  was 
suggested.  This  oversight  would'  have  resulted  in  testing  a 
sample  as  collected  from  the  reaction  mixture.  The  product 
was  not  scrupulously  dried  before  it  was  sent  since  a time 
delay  before  analysis  of  up  to  one  month  had  been  indicated. 

The  agreement  with  the  suggested  formulation  is  indicative 
of  a correct  assignment  and  even  more  importantly,  it  confinos 
unequivocally  Che  assertion  that  the  complex  is  dissolving 
as  a monomeric  compound  that  can  dissociate  into  ionic  species 
by  displacement  of  the  chloride  ions  in  the  axial  positions 
by  the  solvent.  Demonstrating  that  the  complex  was  not  poly- 
meric was  of  major  concern  in  view  of  the  observed  solubility 
data  which  could  be  interpreted  in  terms  of  a polymeric  species. 
The  demonstration  of  a monomeric  complex  which  subsequently 
dissociated  is  in  agreement  with  the  conductivity  studies  which 
also  indicated  ionic  species  were  formed  in  the  OHSO  solvent. 

A mass  spectrum  was  run  on  many  of  the  successful  prepa- 
rations but  no  significant  fragmentation  pattern  was  obtained, 
although  inlet  probe  temperatures  to  309"C  were  employed.  It 
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had  been  anticipated  that,  if  the  was  surrounded  by 

the  quadridentate  ligand  and  two  chloride  ions  to  form  an 
uncharged  soecies,  the  compound  might  exhibit  some  volatility. 
Subsequently,  King'*  indicated  that  if  a complex  is  volatile 
to  any  degree,  a parent  peak  is  rarely,  if  ever  formed  and 
it  was  the  peak  of  major  interest.  Commonly,  one  observes 
a splitting  of  the  anion  radical  from  the  remainder  of  the 
complex  rather  than  an  ionization  of  the  complex.  This 
phenomenon  was  not  observed  for  these  compounds,  however. 

fin  additional  qualitative  test  was  performed  to  confirm 
the  existence  of  ionic  or  potentially  available  chloride  ions 
in  the  OMSQ  solutions.  A precipitate  of  AgCl  was  collected 
by  certrifugation  after  addition  of  a ten  perc^t  excess  of 
AgMO)  in  DMSO  (based  on  two  available  chloride  ions  per  mole 
of  macroeyclej . The  amount  of  AgCl  recovered  was  less  than 
one  half  of  the  theoretical  amount,  but  the  presen  a of 
available  chloride  ion  was  definitely  established  by  these 
results. 

preparation  of  the  free  ligand  was  attractive  for  the 
same  reasons  as  prevlouslv  outlined  for  the  [ill  (azoketomacrl  CI2]. 
The  attemots  to  generate  the  organic  ligand  closely  followed 
those  for  the  keto  analog,  viz.,  direct  synthesis  in  a variety 
of  solvents  and  under  differing  conditions  as  well  as  dis- 
placement of  the  metal  from  the  preformed  [Si (azoaldoraaerjClj 1 by 
cyanide  and  sulfide.  These  experiments  did  not  yield  any  free 
ligand,  again  etresslng  the  tenacity  with  which  the  maorocycllo 
ligand  is  held  by  the  metal. 
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C.  [ni (a2ineketonacr)Cl2 1 

The  design  and  synthesis  of  tMi (azineketamacrlClj]  (Via) 
was  conceived  as  an  interesting  and  logical  variation  of  the 
basic  type  of  macrocycles  discussed  previously  and  prepared 
from  aao  precursors.  The  retention  of  the  strategy  to  employ 
the  template  effect,  and  more  specifically  to  incorporate 
starting  materials  which  contain  a donor  atom  not  partici- 
pating in  the  condensation  step,  made  the  basic  approach 
very  similar  to  that  used  for  the  azo  macrocycles  (Va)  and 
(Vb) . The  molecules  chosen  to  build  this  macrocyclic  com- 
plex are  2 ,8-diacetylpyridine  (DAP,  VIII)  and  the  dihydrazone 
of  DAP,  2,6-diacetylpyridlnedihydraaone  (DAPDH,  XIa)  which 
produce  [Ni (azineketomacr) Cl j 1 (Via)  whan  a cyclic  conden- 

The  desired  macrocycie  has  several  noteworthy  differences 
when  compared  to  the  azo  macrocycles  (Va)  and  (vb) . [Ni (azine- 
ketomacr)Cl2j  contains  14  atoms  in  the  ligand  ring  which  allows 
for  the  formation  of  two  5-member  and  two  6-member  chelate 
rings.  Other  studies^'  have  shown  that  this  is  the  optimum 
size  ring  to  allow  first  row  transition  metals  to  fit  into 
without  steric  strain  being  imposed  on  the  ligand.  In  con- 
trast to  this  conclusion  is  the  fact  that  many  natural  macro- 
cycles  offer  a larger  "site"  for  the  metal  ion  by  incorporating 
all  6-member  chelate  rings  in  the  complex.  The  contrasting 
behavior  of  natural  systems  suggests  that  the  relative  Import- 
ance of  size  relationships  between  the  metal  and  ligand  have 
not  been  properly  assessed  or  that  other  factors  are  operative. 


A second  noteworthy  difference  between  the  azo  and 
aline  nacrocycle  is  tie  type  of  bonds  incorporated  into  the 
oomplex  via  the  starting  materials.  The  azine  maorocyole 
(VLal  utilizes  a hydrazine  reactant  which  would  contain  a 
H-ll  single  bond  while  the  azo  nacrocyoles  [Va)  and  (Vb)  use 
a starting  material  with  a N-N  double  bond.  It  is  true  that, 
once  the  cyclic  ligand  is  formed,  formally  different  canonical 
forms  can  be  written  in  which  the  H-N  bonds  contained  in  the 
two  classes  of  macrooycles  can  be  written  as  either  a double 
or  single  bond.  However,  it  is  .tempting  to  suggest  the  fl-N 
single  bond  is  the  more  important  canonical  form  in  the  [Ni- 
(azinehetomacrjClsS  while  the  H-t;  double  bond  canonical  form 
is  most  Important  in  the  EHi (azoketomacr] Cls]  and  [Hifazoaldo- 
macrEClz].  x-ray  data  would  provide  a means  for  assessing 
the  relative  contributions  of  the  various  canonical  structures 
but  these  determinations  have  not  been  made. 

A third  feature  which  differentiates  the  azo  and  the 
azine  macrocyoles  is  the  types  of  groups  contained  on  the 
periphery  of  the  basic  macrocyclic  ring.  The  [HiEazoketo- 
macr)Cl29  (Va)  and  [Ni fazoaldomacr) Cl 2 1 (Vb)  contain  a host 
of  carbon-hydrogen  groups,  namely  benzene  rings,  on  the 
periphery  of  the  complex  presenting  a reasonably  non-polar 
shell.  The  INi (azinelcetomacr)Cl2)  contains  less  bensene  rings 
on  the  periphery  and  has  a more  open  structure  which  may 
peralt  solvent  access  to  nitrogen  atom  lone  pairs.  This 
presents  a shell  that  can  participate  in  more  polar  inter- 
actions which  should  increase  the  solubility  of  the  complex  in 
polar  solvents,  a feature  not  charactoristic  of  the  azo  macro^cles. 


Framework  Molecular  ’todela  were  constructed  of  the  pro- 
posed l:;i(a2ineketomacr)Cls]  (Via).  Surprisingly,  the  models 
iidicated  that  there  would  be  very  little  steric  Interaction 
in  either  [Hi  (azineketoiaacr)  Cli]  (Via)  or  the  corresponding 
analog  [Ni (asinealdomacr) Cli]  (Vlb) . If  a truly  planar  con- 
figuration is  assumed,  the  keto  nacrocycle  (Via)  has  the  pot- 
ential of  some  interaction  between  the  methyl  groups  of  the 
acetyl  substituent  and  the  hydrogen  atoms  of  the  pyridine 
moiety  to  which  they  are  bound.  That  interaction,  if  it  truly 
exists,  should  be  small  but  would  be  totally  absent  if  the 
methyl  groups  of  DAP  (VIII)  were  replaced  by  hydrogen  atoms, 
thus  leading  to  (Hi (a?inealdomacr) Clj 1 if  2 , 6-pyridlnedicar- 
boxaldehyde  (PDC,  l.X)  and  its  respective  hydrarone  (PDCDH,  Xlb) 
are  used  as  starting  materials.  There  exist  a third  possible 
macrocycle  from  this  basic  framework  and  is  quite  attractive 
in  terms  of  Investigating  the  steric  interactions  in  a series 
of  analogs.  By  choosing  the  combination  of  reactants  as  PDC 
(IX)  and  DAPDFl  (XIa)  or  the  combination  of  DAP  (VIII)  and 
PDCDH  (Xlb) , a product  would  form  in  which  only  one-half  of 
the  methyl  groups  had  been  replaced  by  hydrogen.  The  final 
macrocycle  (Vic)  would  allow  a series  to  be  studied  in  which 
a gradual  change  in  steric  interactions  was  effected  in  going 
from  (Via)  to  (Vlb)  to  (Vlo) . 

With  these  differences  providing  an  attractive  rationale 
for  the  synthesis  and  study  of  the  asine  macrocycles  ttvia), 
(Vlb)  and  (vie)l,  the  synthetic  procedures  were  developed  for 
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attempted  preparations.  The  method  adopted  for  the  prepara- 
tion of  (Ni(azineketomacr)Clj]  (Via)  was  again  to  be  patterned 
after  those  found  successful  for  (Ni (asoketoraacr) Cl j 1 (Va). 

The  "template  reaction"  «as  tried  first  using  ethanol  as  the 
solvent  and  adding  a solution  of  DAPDH  (Xla)  slowly  to  a 
refluxing  ethanol  solution  of  Ni(ll)  and  DAP  (VIIIJ  to  which 
a drop  or  two  of  concentrated  mineral  acid  had  been  added;  the 
resultant  product  was  the  desired  complex  but  the  yield  was 
quite  small  producing  only  5-10  percent  of  the  theoretical 
amount.  It  has  been  previously  reported*  * thst  DAPDH  (Xle) 
forms  a bis  complex  with  lU(Il)-  The  filtrate  of  the  macro- 
cycle  preparation  was  shown  to  contain  bis  DAPDH  Hi (ID 
cooq;lex.  In  addition,  a thin  layer  chromatograph  of  the 
filtrate  was  shown  to  contain  unreacted  DAP  (VIII)  starting 
material  Indicating  that  much  of  the  DAPDH  (Xla)  was  tied  up 
as  another  complex  and  that  the  DAP  (VIII)  was  remaining  in 
solution  as  an  unreacted  species.  Thus,  two  modifications 
were  employed  in  an  effort  to  increase  the  yield  of  macrocycle. 

First,  the  mineral  acid  catalyst  was  removed  to  see  if 
this  might  Increase  the  recoverable  yield,  the  rationale 
being  that  the  acid  might  be  shifting  the  eguilibriuxn  amounts 
of  the  partially  condensed  product  and  the  fully  condensed 
Schiff  base,  thus  malcing  the  bis  hydrazone  complex  and  DAP 
more  li)cely  products.  This  alteration,  however,  resulted  in 
no  macrocyclic  product  separating  from  the  solution  even 
though  the  reaction  conditions  were  identical  to  those  incor- 
porating the  acid  catalyst.  A repeated  experiment  gave  the 
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same  results;  therefore,  it  was  concluded  that  the  mineral 
acid  was  essential  for  condensation  leading  to  the  macrocyole, 
although  it  was  not  tested  further. 

The  second  modification  of  the  original  method  simply 
used  an  excess  of  the  dihydrasone  compound  (Xla)  based  on 
that  needed  to  form  the  macrocyole.  Using  one  third  of  a 
stolohiometric  excess  produced  a fourfold  increase  in  the 
amount  of  product  collected.  No  further  variations  to  naxiroire 
the  yield  of  macrocyole  were  conducted  since  a sufficient 
quantity  was  available  for  further  experiments. 

The  characterisation  of  (Ni (asineketomacr) CI2 1 was 
expected  to  parallel  that  of  INi [asoketomaetjCljS . However, 
exhaustive  efforts  were  in  progress  at  the  time  to  prepare 
one  of  the  analogs,  [Ni laslnealdomaor) Cl j]  (VIb),'  as  it  was 
considered  desirable  to  prepare  the  analogs  in  order  to 
characterise  the  compounds  simultaneously.  Unfortunately,  the 
complete  series  was  not  able  to  be  synthesised.  In  fact,  due 
to  the  efforts  expended  towards  the  syntheses,  little  characteri- 
sation was  performed  on  the  successful  (si (asineketoraaer) Clj! 

(Vlal . The  experiments  used  for  the  attempted  preparation  of 
[NKazinealdomacrlClil  were  patterned  after  the  successful 
lNl(asoaldomacr)Cl2l  synthesis.  Thus,  an  ethanol  solution  of 
POCDH  (Xlbl  was  added  slowly  to  an  ethanolic  mixture  of  Ni(II) 
and  PDC  kept  at  -40®C  with  the  product  being  collected  in  a 
slightly  different  fashion.  Addition  of  diethyl  ether  to  the 
reaction  mixture  also  precipitates  the  bis  hydrasone  complex 
of  Ni(II).  Therefore,  instead  of  forcing  the  macrocyclio 
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The  infrared  spectrim  of  Hi [arinoketomacr) CliJ  (Via)  is 
shown  in  Figure  7 andr  following  the  approach  of  Nakamoto, 
ia  expected  and  found  to  Ie  gaite  similar  to  a composite  of  the 
reactants  2 , 6-diaoetylpyridine  (VIII)  and  2, f-diacBtylpyridine* 
dihydratone  (Xla)  also  shown  in  Figure  7.  The  absence  of  the 
NHj  stretching  bands  at  3150  and  3300  cm  ‘ and  the  carbonyl 
mode  at  1700  cm"‘  is  to  be  expected  since  condensation  of 
these  groups  leads  to  an  inine  bond  which  in  this  instance  is 
assigned  to  the  1580  cm*'  absorption  on  the  reasoning  set  forth 
for  lNi(arohetoraacr)CljJ  previously. 

The  room  temperature  magnetic  moment  for  (Ni  (aainelceto- 
macr)Clj]  was  determined  to  be  1.03  B.K.  using  a diamagnetic 
correction  of  196.4  x 10~‘  cgs  units  calculated  from  Pascal's 
constants. The  value  is  an  anomalous  one  and  might  be 
explained  by  a singlet-triplet  equilibrium  or  the  presence 
of  different  types  of  coordination  geometry  for  Ni(ll)  ions 
within  the  crystal  lattice  structure.  The  observed  value 
would  correspond  to  roughly  one  paramagnetic  Ni(II)  ion  to 
eight  diamagnetic  Ni(II)  ions.  A temperature  dependence  study 
might  have  resolved  which  effect,  if  either,  was  responsible 
for  the  anomalous  value  of  It  might  be  reasonable  to 

assume  that  the  same  factors  causing  the  value  of  ib 

[ili(aaoketomacr)CljJ  (Va)  and  [Mi  (azoaldomacr) Cl , 1 (Vb)  are 
also  ooerative  in  [Mi (azineketomacr) CI2)  (Via),  since  the 
basic  ligand  fields  surrounding  the  metal  are  similar,  but 
there  is  no  experimental  evidence  to  support  this  conjecture. 
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The  charactetitation  is  obviously  insufficient,  but 
based  on  the  starting  materials  and  their  possible  reactions 
and  the  small  amount  of  data  collected  on  the  final  product, 
it  is  consistent  to  assign  a formulation  of  a quadrldentate 
ligand  surrounding  the  ITi(Il)  metal  ion  with  the  two  chloride 
ions  occupying  the  axial  positions.  The  system  definitely 
warrants  further  study  and  is  a particularly  attractive  situa- 
tion since  it  is  certain  that  the  desired  complex  can  he 
formed  in  sufficient  quantity  to  study,  furthermore,  there 
is  good  reason  to  believe  that  the  analogs  discussed  earlier, 
[NKasinealdomacrlCl!]  [Vib)  and  [:U (azinealdoketomacr)Cl2 1 , 
(VIo)  can  be  synthesized  to  allow  a series  of  closely  related 
ccnpcunds  to  be  investigated,  which  should  permit  rather 
complete  characterisation  of  the  complexes. 


tH{Q0DAA3-K)Xl 


The  investigation  that  led  to  the  discovery  of  the  series 
of  complexes  (XII)  [:i t000ftA8-H) X),  where  H - Ni(JI)  or  Cu{II) 
and  X = Cl",  Br",  NOs",  SCS"  or  OAe",  was  prompted  by  a series 
of  observations.  First,  it  was  noted  that  the  preparations 
leading  to  the  formation  of  the  aforementioned  macrocycles  (Va) 
and  (vh)  produced  an  intense  purple  color  whenever  Hidll  ion 
and  OODAAfi  (VII)  were  present  together  in  solution.  Secondly, 
s microcrystalline  substance  could  be  isolated  from  a solution 
containing  Ni(II)  or  Cutll)  ions  and  the  diamine  (VII).  It 
was  originally  thought  that  the  complex  might  be  similar  to 
the  diacetylpyridinedihydrasone  complexes  (XIX)  studied  by 
Stoufer*  " where  two  molecules  of  the  tridentate  hydrazone 
ligand  coordinate  to  give  an  octahedral  complex.  Since  OODAAB 
may  function  ae  a tridentate  ligand,  two  OODAAB  molecules 
might  coordinate  to  form  an  octahedral  complex  with  the  metal. 
However,  the  solid  produced  by  the  Hi(ll)  or  Cu(Il)  and  OODAAB 
tVIll  reaction  exhibited  rather  unexpected  solubility  behavior 
for  complexes  having  structures  similar  to  those  of  Stoufer 's. 
The  products  were  slightly  soluble  in-acetone  and  could  be 
dissolved  in  DHF  and  DHSO,  but  decomposed  in  the  latter  two 
upon  solvation.  No  appreciable  solubility  was  noted  In  water, 
methanol,  ethanol,  nltromethane  or  methylene  chloride.  In 
addition,  on  the  basis  of  infrared  spectra  and  visual  appear- 
ance of  the  crystals,  the  product  isolated  from  a 1:1  stoichio- 
metric ratio  of  Nl(II)  to  OODAAS  was  surmised  to  be  identical 
to  that  isolated  from  a 1:2  mixture.  Furthermore,  the  filtrate 


of  the  1:2  reaction  mixture  contained  a large  excess  of  OODAftB 
(VII)  starting  material,  consistent  with  the  assertion  that 
a 1:1  complex  had  been  formed.  However,  it  was  difficult 
to  envision  the  type  of  coordination  that  existed,  since  there 
didn't  appear  to  be  enough  donor  sites  available  to  coocdin- 
ately  saturate  the  metal  without  invoking  a polymeric  structure 
in  which  both  nitrogens  of  the  aso-linkages  would  be  coordin- 
ated. Another  questionable  feature  of  the  proposed  1:1  com- 
plexes was  the  consistently  high  values  for  the  carbon,  hydro- 
gen, nitrogen  and  nickel  analyses  based  on  a formulation 
including  two  chloride  iona  while  the  consistency  of  the 
elemental  analyses  indicated  that  a well-defined  complex  had 
been  formed.  This  dilemma  was  resolved  by  formulating  a 
complex  (XII)  in  which  one  proton  had  been  lost  by  OODAAH, 
giving  OOD.AAB-H.  Thus,  the  uninegative  OObAAB-H  occupies 
three  planar  coordination  sites  with  the  fourth  site  being 
occupied  by  an  anion  introduced  by  the  metal  salt  reactant. 

The  existence  of  a neutral,  square  planar  complex  is  entirely 

insoluble  in  many  polar  solvents.  The  strongly  solvating 
molecules  DMF  and  DMSO  dissolved  the  complexes,  but  the  solu- 
tion was  accompanied  by  a change  of  color  indicating  that  a 
change  in  the  first  coordination  sphere  had  occurred.  This 
may  have  arisen  from  a diaplacement  of  the  anion  by  a solvent 
molecule,  although  these  solutions  were  not  characterised 
further.  The  inability  to  form  an  isolable  complex  from 
OODAAB  and  nic)tel(II)perchlorato  is  consistent  with  the 


proposed  fornulation.  The  weakly  coordinating  perchlorate 
anion  apparently  does  not  fill  the  fourth  site  to  allow  the 
formation  of  the  neutral  complex.  However,  the  familiar 
purple  coloration  of  the  solution  resulting  from  the  mixture 
of  nickel tll) perchlorate  and  OODAAfl  (VII)  was  taken  as 
evidence  for  the  presence  of  the  metal  complexed  by  the  OODAAB 
with  perhaps  solvent  or  water  occupying  the  fourth  site.  All 
attempts  to  form  a solid  product  met  with  dissociation  of  the 
complex  present  in  solution  into  the  separate  starting  mat- 
erials. Therefore,  it  would  appear  that  only  a relatively 
strongly  coordinated  species  in  the  fourth  coordination  site 
allows  isolation  of  a stable  solid. 

Other  systems  have  been  reported  which  behave  in  a 
similar  fashion.  Drew  and  Landguist"  prepared  the  o,o'- 
dihydroxyazobentene  (XX)  and  the  o-hydroxy-benzeneaso-S- 
naphthol  (X.Xla)  complexes  of  Cu(II).  Both  hydroxy  groups  in 
these  molecules  were  deprotonated  giving  a neutral  complex 
with  a metal  to  ligand  ratio  of  Itl.  These  ligands,  like 
OODAAS,  can  only  coordinate  to  a given  metal  at  three  points. 
The  authors  originally  postulated  an  ^saturated  plane  of 
coordination  for  the  metal,'*  a situation  that  seems  highly 
unlikely  in  view  of  the  X-ray  data  collected  on  metal  com- 
plexes since  their  work  in  which  it  has  been  shown  copper 
ions  normally  have  at  least  four  ligand  donor  sites  occupied. 
A much  more  like]y  .•node  of  coordination  would  involve  both 
nitrogens  of  the  azo  group  functioning  as  donors.  This  is 
suggested  later  by  Drew  as  a formulation  for  the  many  so 


called  “dye  lakes"  creaced  by  aao  dyes  and  metals.  The  metal 
fills  the  four  coordination  sites  by  using  the  three  donors 
available  from  one  ligand  and  then  coordinates  to  the  remain- 
ing aso  nitrogen  of  another  ligand  (XXII).  Several  examples’’ 
exist  in  which  both  nitrogen  atoms  of  the  aso  group  become 
donor  atoms  to  different  metal  centers.  As  noted  previously,” 
an  aso  nitrogen  is  a relatively  weak  donor  and  usually  doesn't 
coordinate  unless  a chelate  ring  can  be  formed.  Consequently, 
the  second  nitrogen  coordinated  to  the  neighboring  metal 
would  be  expected  to  be  displaced  by  a strong  donor  such  as  is 
observed  in  the  aforementioned  complexes.  When  the  1:1 
neutral  complexes  are  recrystalliscd  from  pyridine  or  aniline, 
mono  adducts  are  formed  froa  the  neutral  "three  coordinate" 
complexes.  The  solution  color  of  the  adducts  is  an  intense 
purple,  the  sane  color  observed  for  the  OOSAAB  complexes. 

A more  closely  related  compound,  2 '-hydroxybenseneaso-8- 
naphthylaraine  (XXIb)  forms  a 1:1  neutral  complex  with  Cu{Il) 
in  which  a proton  is  lost  from  each  of  the  hydroxy  and  amine 
groups.’’  The  resulting  neutral  complex  was  also  considered 
to  be  only  three  coordinate  and  readily  forms  the  pyridine 

Aso  compounds  containing  amine  groups  at  both  ortho 
positions  of  the  bensene  rings  are  'the  most  closely  related 
compounds  and  were  studied  and  prepared  by  Price.’""’  vary- 
ing numbers  and  kinds  of  alkyl  groups  were  attached  to  the 
ortho  nitrogens.  His  studies  indicate  that  the  "acidity”  of 
tlie  amine  protons 


where  the  ato  group  is  converted  to  a hydratone  grouping  by 
a shift  of  a proton.  The  corresponding  tautomeric  forms  for 
OODAAB  would  be: 


After  coordination  through  the  hydraione  font  and  loss 
of  the  hydrazone  proton,  a subsequent  shift  of  electrons 
results  in  the  molecule  reverting  to  the  ato  form  as  in  the 
following  diagrami 


The  hydrazone  proton  of  the  one  tautomeric  form  la 
expected  to  exhibit  acidic  behavior.  Sensabough,  et.  ai. , * ’ 
have  shown  that  hydrazone  derivatives  of  aldehydes  and  ketones 
can  be  titrated  with  tetrabutylararaonium  hydroxide  in  non- 
agueous  solvents.  In  fact,  the  titration  may  be  used  as  a 
means  of  characterizing  the  compounds.  Thus,  the  acidity  of 


a hydrazona  species  is  definitely  established.  The  evidence 
that  the  hydrazone  tattomer  truly  exists  in  some  azo  compounds 
comes  from  the  work  of  Hadzi*'  and  Oolinsky  and  Jones.” 

These  authors  studied  the  infrared  spectra  of  ortho  hydroxy 
substituted  azo  compounds  and  found  evidence  of  !I-H  defor- 
mation bands  which  would  have  to  arise  from  the  tautomeric 
forms,  coupled  with  this  observation  was  the  existenoe  of 
carbonyl  absorptions  which  led  to  the  following  postulated 


tautomeric  structures: 


The  work  of  these  authors  showed  the  existence  of  the 
tautomers  even  in  the  solid  state.  It  may  be  noted  that  the 
tautomeric  equilibrium  which  exists  in  solution  is  normally 
shifted  completely  to  one  form  or  the  other  in  the  solid 
state.  Therefore,  the  existence  of  tautomeric  forms  for 
suitably  substituted  ortho  azo  compounds  is  also  established 
which  would  render  possible  the  mechanism  set  forth  by 
Price”  that  coordination  is  effected  through  the  hydrazone 
form  with  a subsequent  loss  of  the  hydrazone  proton.  Thus, 
what  originally  seemed  like  an  unusual  phenomenon,  loss  of 
a proton  from  an  aniline  derivative,  has  a rather  straight- 
forward e.-tplanatlon  according  to  Price.** 


L./ 
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pytidinium  ion;  pKa  5.2  2-phanyla2opyridiniura  ion;  pKa  2.0 


The  compariaon  of  pyridlniujn  and  2-phenyla20pyridinium  is 
included  to  show  that  the  azobenzene  moiety  has  an  electron 
withdrawing  effect.  The  metal  ion,  X,  would  most  certainly 
be  considered  an  inductive  electron  .withdrawing  species 
aa  evidenced  by  the  acidity  of  hydrated  metal  ions.  There- 


of the  conplexed  OODAAB  which  should  substantially  increase 
the  acidity  of  the  proton  of  the  amine  group.  The  equili- 


is  shifted  to  the  right  in  the  case  of  complexed  OObAhB 
because  the  resulting  uncharged  complex  is  insoluble  in  the 
solvent  system  ssQpIoyed.  However,  the  above  inductive 
rationalization  does  not  explain  why  there  is  only  one  proton 
lost  from  OOOAAB.  Hhy  only  one  proton  is  lost  from  OODAAB 
is  of  some  concern  although  a definitive  explanation  is  not 
possible  from  this  study.  That  inductive  effects  are  truly 
operative  in  some  amine  complexes  is  exhibited  by  the  removal 


fore,  both  X and  Y are  electron  withdrawing  groups  in 


amine  proton  from  the  complexed  molecule  under  conditions 
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not  suffirient  to  do  so  in  the  free  ligand  and  in  which 
tautoneric  structures  are  not  possible.”  a-h,c  The  enhanced 
acidity  of  the  amine  group  which  can  be  rationalized  in  teems 
of  an  inductive  effect  should  apoly  eoualiy  well  to  both 
amine  groups  of  OODAAB  once  complexed.  Naturally,  the  effect 
would  be  diminished  after  the  loss  of  the  first  proton  since 
the  conolex  as  a whole  could  he  viewed  as  a diprotic  acid. 

This  may  explain  why  the  second  proton  is  not  lost.  Perhaps 
the  reason  the  second  proton  is  not  lost  is  that  there  ss 
not  a neutral  ligand  of  sufficient  donor  strength  to  fill 
the  fourth  site  of  the  metal  coordination  sphere.  Or,  possibly 
the  suggested  mechanism  set  forth  by  Price”  is  operative 
which  only  allows  one  proton  to  be  lost  due  to  the  structure 
of  the  hydrazone.  It  most  be  true  that  energetically  the 
change  for  the  over-all  process  of  losing  the  second  proton 
must  he  unfavorable,  i.e. , the  gein  in  energy  for  such  pro- 
cesses as  the  Increased  metal-nitrogen  bond  strength  and  the 
hydration  energy  of  the  proton  is  not  sufficient  to  compen- 
sate for  the  energy  requiring  process,  one  of  which  would  be 
the  breajting  of  the  nitrogen-hydrogen  bond.  While  the  above 
rationalizations  were  attempting  to  foous  on  why  the  energetics 
worked  out  as  they  did,  the  fact  is  that  there  was  only  one 
proton  lost  per  molecule  of  OOCftAB  under  the  conditions  of 
complexation  employed  in  these  preparations.  Furthermore, 
any  of  the  explanations  invoked  to  account  for  the  acidity  of 
the  molecule  is  consistent  with  the 


The  infrared  spectra  of 


lo: 

the  lM(OODAAB-H)XJ  complexes 
are  shown  together  with  that  of  the  uneomplexed  ligand  OODAAB 
(VII)  in  Figures  S and  9.  The  spectra  of  OODAAB  exhibits 
the  characteristic"’  symmetric  and  asymmetric  primary  amine 
N-H  stretching  modes  at  3300  era"'  and  3400  cm"',  respectively. 
It  would  be  expected"*'”  that  these  absorptions  should  be 
lowered  by  50-100  cm“‘  upon  complexation . The  spectrum  of 
a [M(OODAAB-H)X)  complex  becomes  somewhat  complicated  in 
this  region  because  of  the  loss  of  a proton  from  one  of  the 
amine  groups  which  effectively  produces  another  type  of  N-H 
stretching  frequency.  To  e first  approximation,  the  nitrogen 
from  which  the  proton  is  lost  can  be  regarded  as  a secondary 
amine,  which  should  exhibit  a single  absorption.  As 

a further  approximation,  the  secondary  amine  should  absorb 
at  the  center  of  the  two  split  bands  of  the  primary  amine 
group.  The  absorption  pattern  for  the  (Ni (OODAAB-H) XI  shows 
essentially  the  pattern  expected  from  these  approximations, 
i.e.,  a split  primary  absorption  at  3400  cm  ' and  3150  cm  * 
with  the  secondary  M-H  absorption  appearing  at  3300  cm 
The  NH  stretching  bands  for  the  [Cu (OODAAB-H) xl  complexes  do 
not  fit  quite  as  nicely  into  the  proposed  pattern  although 
is  is  evident  that  there  is  more  than  one  type  of  N-H 
involved  in  the  complex. 

The  assignment  of  the  infrared  absorption  frequencies 
for  the  nitrogen-nitrogen  stretching  vibrations  of  an  asQ 
grouping  is  an  area  of  uncertainty  in  the  field  of  spectro- 
scopy.*’ Very  little  work  has  been  devoted  to  this  particular 
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functional  group  and  some  questions  remain  in  the  reported 
literature  because  often  times  the  molecules  studied  contained 
cerbon-carbon  or  carbon-nitrogen  double  bonds  which  would 
be  expected  to  absorb  in  the  same  region  of  the  spectra. 
LeFSvre,  et__al.,”  have  studied  a aeries  of  aromatic  aro 
compounds  and  observed  common  absorptions  at  1406il4  cm"' 
and  1577t8  cm"‘.  They  assigned  the  latter  to  the  alo  linkage 
on  the  basis  that  the  absorption  frequency  should  appear  in 
the  same  region  as  the  carbon-carbon  and  carbon-nitrogen 
double  bond  stretching  modes,  Herrberg**  makes  the  assign- 
ment for  the  N-N  stretching  mode  of  azomethane  in  this  region 
while  other  workers’*"’  have  assigned  the  lower  value  to  the 
azo  stretching  mode.  This  author  agrees  with  the  assignment 
near  1600  cm"'  for  the  same  reason  as  lidPevre  and  Ms  group. 

The  free  ligand  OODAAB  might  not  be  expected  to  show  an 
infrared  active  azo  abeorption  because  of  its  symmetry  and 
only  in  the  1575  cm"'  region  of  the  two  possibilitiee  suggested 
by  LeFSvrc,  et  al.,**  does  a band  appear?  therefore,  no 
definite  assignment  was  made, 

The  rest  of  the  infrared  spectra  of  [H(OODAAB-H>X|  are 
extremely  similar  as  would  be  expected  since  the  basic  ligand 
portion  is  identical  in  all  of  the  complexes.  The  notable 
exceptions  occur  when  the  ligand  occupying  the  fourth  co- 
ordination site  of  the  respective  metal  contributes  absorp- 
tions In  the  region  studied.  Fox  example,  the  thiocyanate 
group,  SCN,  may  coordinate  to  the  metal  via  the  sulfur  or 
nitrogen  atom.  X-ray  analysis  has  shown  that 
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transition  metals  such  as  Cu(II)  and  Hi(ll)  tend  to  form  H-N 
bonds  whereas  the  latter  elements  in  the  lower  rows  favor 
the  formation  of  H-S  bonds.  Thus,  it  Is  expected  that  the 
[Ni (OODAAB-KSCN1  has  a Ni-N  bond  with  the  expected  C5N  and 
C-S  bending  vibrations  occurring  at  2150-2080.  810-690  and 
SOO-450  cm"',  respectively.’*  The  [Ml (OODAA8-H1 SCNJ  complex 
inhibits  a doublet  at  -2100  cm"‘  and  a band  at  -745  cm*‘  (sh) 
neither  of  which  appeared  in  any  of  the  other  complexes  and 
Is,  therefore,  assigned  to  CSN  and  C-S  stretching  modes 
respectively.  It  has  been  reported"  also  that  the  C5tJ  absorp- 
tion can  be  split  as  was  the  case  in  [Si (OODAAS-H)SCS] . 

In  the  case  of  the  [M [OODAAB-H ) HO j ? complexes,  a band 
appearing  at  1370  cm"*  in  the  Cu  complex  and  at  1380  cm"' 
in  the  Ni  complex,  not  evident  in  any  of  the  other  azo  com- 
plexes, is  assigned  to  the  N-0  stretching  frequencies  of  the 
nitrate  ion  and  is  consistent  with  the  reported  literature.’’ 

A splitting  of  the  band  would  be  expected  when  one  of  the 
oxygens  is  coordinated  to  the  metal,  due  to  a lowering  of 
the  symmetry  of  the  ion.  However,  the  occurance  of  other 
ligand  bands  in  this  area  cause  shoulder  bands  on  the  nitrate 
absorption  and  the  splitting,  if  present,  cannot  be  assigned. 

A coordinated  carboxyiate  would  he  expected”'’*  to 
absorb  around  1630  cm  ‘ and  absorptions  appear  in  this  region 
for  all  of  the  [M(OQDAAS-HJ X]  complexes  so  a distinction  was 
not  evident  in  [Mi (OODAAB-H) OAcl . However,  in  addition  to 
the  -1630  cm*'  absorption,  ionic  acetates  also  absorb  in  the 
1400-1300  cm"'  region”  and  an  intense  absorption  at  -1390  em"' 
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occurred  in  the  aro  complex  of  this  study  which  is  most 
likely  due  to  the  acetate  ion.  Since  the  [Ni tOODAAB-H) Cl! , 
[Wi(OODAAB-H)Br]  and  (Cu (OODAAB-H)Cll  are  not  expected  to 
exhibit  any  M-X  stretching  modes  in  the  650-4000  cm~  range, 
these  complexes  were  used  as  guides  for  locating  the  additional 
bands  assigned  to  other  anion  stretching  freguencies  since 
the  OODAAB-H  portion  should  be  contributing  all  of  the 
infrared  absorptions  in  these  complexes. 

The  ultraviolet-visible  spectral  data  for  the  series 
I«(OODAA3-H)x]  is  presented  in  Table  6.  The  similarity  of 
the  absorption  maxima  and  the  extinction  coefficients  for 
the  different  complexes  indicate  a similarity  of  the  solution 
species,  whereas  the  similarity  of  the  mull  and  solution 
spectra  is  taken  as  evidence  for  similar  coordination  geo- 
metry for  the  complexes  in  the  two  phases.  The  intense 
absorptions  of  the  ligand  charge  transfer  bands  obscure  the 
metal  d-d  transitions  and  consequently  no  assignment  of  co- 
ordination geometry  can  be  inferred  from  the  absorption 
positions  in  the  ultraviolet-visible  spectra. 

Since  previous  studies  by  this  author  had  shown  that 
the  complex  (XII]  could  undergo  further  reaction  in  the 
presence  of  carbonyl  compounds,  specifically  DAP  (VIII)  or 
PDA  (IX),  the  possibility  of  a reaction  between  the  com- 
plexes and  acetone  was  investigated,  even  though  acetone 
does  not  generally  undergo  Schiff  base  condensations.  A 
study  of  all  the  complexes  prepared  with  the  general  formula 
[M(OOOAAB-H)X)  showed  that  there  was  no  observable  change 
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Change  which  occurred  within  10  days  at  ambient  temperature 
in  either  Che  ultraviolet-visible  solution  spectra  or  in 
the  infrared  spectra  of  the  subsequently  isolated  solid 
complex  from  acetone  solutions.  The  latter  check  on  the 
infrared  spectra  was  done  to  assure  that  reaction  between 
the  complex  and  acetone  didn't  occur  upon  contact  rather 
than  gradually  upon  remaining  in  solution  and  thus  not  be 
noticeable  in  Che  ultraviolet-visible  spectra. 

The  corrected  magnetic  susceptibilities,  X'u' 
the  effective  magnetic  moment,  for  the  azo  complexes 

are  tabulated  in  Table  7,  The  measured  values  correspond 
to  Ni(II)  and  Cu(ll)  in  square  planar  coordination  geometries 
yielding  zero  and  one  unpaired  electron,  respectively.  There 
is  apparently  a small  residual  temperature  Independent  para- 
magnetism in  three  of  the  nickel  complexes  as  evidenced  by 
values  of  0.24,  0.26  and  0.30  for  These  values  are 

not  commonly  encountered  for  , however,  it  may  well  be 

because  once  diamagnetism  was  established  for  a given  complex, 
the  exact  value  of  was  not  computed  and  reported. 

The  molecular  weights  of  the  sso  complexes  [M (OOOAAfi-H) X] 
were  determined  by  the  vapor  phase  osmometer  technique  em- 
ploying acetone  as  the  solvent  and  the  results  are  reported 
in  Table  8.  It  was  of  interest  to  experimentally  determine 
the  apparent  molecular  weight  of  these  complexes  to  ascertain 
if  the  species  present  in  solution  was  indeed  a neutral  com- 
plex with  the  anion  coordinated.  The  experimental  results 
verify  that  t.he  complexes  remain  as  monomeric  neutral  species. 
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even  though  the  experimental  error  was  significant  in  a 
couple  of  cases  due  to  the  extremely  email  solubility  of 
the  complexes  in  acetone.  The  ultraviolet-visible  and  infra- 
red spectral  data  and  the  magnetic  moments  are  in  concert 
with  the  formulation  of  neutral,  sguare  planar  complexes, 
also.  An  attempt  was  made  to  obtain  mass  spectra  of  the 
[M (OODAAB-B)Xl  complexes  anticipating  that  the  complexes 
might  be  sufficiently  volatile  as  a neutral  entity  to  ob- 
serve a spectrum  of  sufficient  intensity  to  draw  some  con- 
clusions. However,  King^’  suggests  that  the  molecular  ion 
of  metal  complexes  containing  coordinated  anions  is  seldom 
exhibited  since  the  ionizing  beam  causes  dissociation  rather 
than  ionization.  It  was  anticipated  that  the  position  of  any 
resultant  peaks  might  allow  identification  of  the  original 
complex,  however.  Sufficient  intensity  and  resolution  to 
draw  valid  conclusions  were  not  obtained  in  any  of  the 

The  stability  difference  between  a macrocyelic  complex 
and  a non-raaoroeyclic  one  is  emphatically  pointed  out  by 
comparing  the  resistenee  to  acid  hydrolysis  of  [Nifazo- 
ketomacr) Clj J and  [Hi {OODAAB-H] Cij . The  latter  is  decomposed 
immediately  upon  contact  with  concentrated  hydrochloric  acid 
while  the  macrocyele  can  withstand  several  hours  of  contact 
at  elevated  temperatures. 

The  analytical  results  are  tabulated  tor  the  [M (OODAAB-H) X) 
complexes  in  Table  9.  On  the  basis  of  these  results  coupled 
with  the  infrared,  ultraviolet  and  visible  spectra,  the 
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molecular  weight  determinations  and  the  magnetic  moments, 
the  [M(OODAAB-H)XI  complexes  are  formulated  as  square  planar 
complexes  composed  of  a tridentate,  uninegacive  organic  che- 
late coordinated  through  an  azo  and  two  amine  nitrogen  atoms 
with  the  respective  anion  coordinated  in  the  fourth  site 
of  the  plane. 

The  |H(OODAAS-H)X]  complexes  offer  an  attractive  starting 
material  for  the  preparation  of  macrocycles.  All  that  is 
needed  to  complete  the  organic  ring  around  the  metal  is  an 
appropriate  dicarbonyl  compound  that  also  possesses  a donor 
atom  situated  between  the  two  carbonyl  groups.  Some  possibili- 
ties which  were  briefly  investigated  are  discussed  further 
in  Section  E.  One  disadvantage  of  starting  with  the  preformed 
[M(OOOAAB-H)x]  complex  might  be  that  an  additional  source  of 

mineral  acid  addition  and  it  may  be  that  a given  aystem 
is  particulary  sensitive  to  acid.  However,  the  formation 
of  [M(OOOAAB-H)X]  complexes  that  are  well-defined  broadens 
the  scope  of  possibilities  available  to  design  and  synthesize 


macrocyclic 
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Table  9.  Analytical  Data  for  [H  (OODAAB-H)X) 

Compound  »C  IH  »N  % M 


[Hi(OODAAB-H)Cl] 

calculated: 


(Hi (OODAAB-K) SCNl 
calculated: 

[Ni  (OODAAB-H)MOj] 


3.99 

3.57 


E.  Early  Synthetic  Ro'-tes  and  5one  Template  aeactions 

Employing  the  criteria  developed  in  the  introduction 
for  synthesizing  planar,  quadridentate  and  conjugated  macro- 
cyclic  systems,  the  first  attempts  involved  the  condensation 
of  two  more  bifunctional  molecules  to  build  the  organic  ring. 
Host  of  the  reaction  schemes  involved  the  formation  of  imine 
linkages.  These  could  be  most  easily  formed  by  the  reaction 
of  a primary  amine  with  a carbonyl  group,  either  an  aldehyde 
or  ketone.  One  of  the  first  schemes  chosen  lends  itself  to 
quite  a variety  of  starting  materials.  A molecule  originally 
containing  adjacent  carbonyl  groups  was  reacted  to  form  the 
dihydrazone  compound  (XXIII).  This  gave  a bifunctional 
molecule  containing  pendent  !lHi  groups  which  were  independently 
shown  to  be  capable  of  condensing  with  carbonyl  groups  even 
though  it  wae  a hydrasone  function.  At  least  one  other  worker” 
has  also  condensed  the  hydrasone  and  carbonyl  functions  to 
prepare  ligands.  Of  course,  one  of  the  classical  organic 
qualitative  analysis  tests  for  carbonyls  involves  the  use  of 
a hydrasone  group  to  prepare  derivatives  for  identification 
purposes.”  Therefore,  there  is  adequate  literature  to 
demonstrate  the  feasibility  of  incorporating  the  NHj  groups 
into  a condensation  reaction.  The  dihydrazone  could  be 
formed  from  several  carbonyl  compounds  which  would  produce 
different  dihydrazones  (XXIII).  It  was  anticipated  that  a 
dihydrazone  such  as  glyoxaldihydrazone  could  be  reacted  with 
two  additional  a-dicarbonyl  molecules.  This  could  lead  to 
structure  (X-XIV)  written  in  the  conformation  that 
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for  coordination  to  e raetal  ion.  This  product  could  then  be 
reacted  with  an  a-dia.Tiine,  such  as  o-phenylenediamine  (XXV) , 
to  close  the  organic  ring;  this  latter  step  to  be  attempted 
in  the  presence  of  a metal.  Busch  and  co-workers’  had 
shown  that  the  presence  of  a metal  was  often  essential  in 
the  preparation  of  synthetic  maoroeyclic  structures.  This 
fact  was  originally  termed  a '’template"  effect.  The  "template" 
effect  was  later  redefined  and  divided  into  two  modes  of 
Interaction  between  the  metal  and  organic  molecules,’  At 
any  rate,  it  was  thought  that  addition  of  the  metal  oriented 
the  organic  molecules  so  that  cyollzation  might  proceed  in 
the  proper  fashion.  The  use  of  the  metal  was  not  reached 
in  this  scheme  as  the  desired  precursor  (XXIV)  was  not  isol- 
able.  The  primary  attemots  were  directed  toward  a conden- 
sation of  glyoxal  dthydrazone  (XXIIIa)  or  biacetyldihydrazone 
(XXIIIb)  with  two  molecules  of  either  glyoxal  (iva)  or  bi- 
aeotyl  (IVb) . The  most  general  procedure  involved  the  addi- 
tion of  a solution  of  the  dihydrazone  to  a solution  of  the 
B-dicarbonyl . Polymerization,  or  probably  more  correctly  the 
formation  of  oligomers,  even  though  the  two  terms  will  be  used 
interchangeably  to  indicate  the  occurance  of  multiple  linear 
condensation,  proved  to  be  a majof  problem  with  this  scheme. 

A number  of  parameters  are  involved  in  this  particular  reac- 
tion scheme  and  several  modifications  were  used  in  an  effort 
to  minimize  the  oligomer  formation.  These  variations  included 
1)  changing  the  temperatures  of  the  reaction  from  ice  bath 


to  refluxing  ethanol,  2)  altering  the  concentration  of  react- 
ants as  well  as  the  sequence  of  addition,  3)  increasing  the 
amount  and  changing  the  type  of  catalysts  employed  as  well 
as  trying  the  absence  of  any  added  catalytic  material  and  4} 
changing  the  time  allowed  for  reaction  from  quenching  immedi- 
ately after  nixing  of  the  reactants  to  times  of  36  hours. 
However,  all  of  these  approaches  led  to  the  formation  of  yellow 
solids  which  were  insoluble  in  most  polar  and  non-polar  organic 
solvents  as  well  as  water.  The  infrared  spectra,  although 
not  extensively  studied,  showed. only  a small  absorption  in 
the  1700  cm"*  region  indicating  that  free  carbonyls  were  not 
a major  component  of  the  product  as  desired.  The  most  con- 
clusive data  as  to  the  composition  of  the  products  resulted 
from  the  mass  spectral  data.  These  showed  numerous  peaks  at 
higher  m/e  values  than  the  desired  trimer  indicating  that 
material  of  a higher  molecular  weight  was  the  primary  product. 
Interchanging  other  dihydrazones  such  as  benzilidihydrasone 
fXXIIIc)  also  did  not  lead  to  any  successful  isolation  of  the 
preferred  trimeric  compound. 

The  next  approach  to  the  synthesis  of  organic  ligands 
capable  of  further  condensation  into  closed  macrocycles  in- 
volved the  same  starting  materials  as  previously,  but  in 
reverse  stoichiometry.  Condensation  of  two  molecules  of  the 
dihydrarone  to  one  of  the  a-dlcarbonyl  would  result  in  struc- 
ture (XXVI] . The  organic  ring  could  be  completed  in  this  case 
by  the  addition  of  a dicarbonyl  compound.  Again,  polymeric 
material  was  the  main  product  and  adjustments  in  the  reaction 
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Conditions  did  not  allow  isolation  of  the  desired  trimer. 
Techniques  used  in  the  isolation  attempts  involved  recrystal- 
lisation and  Soxhlet  extraction  in  addition  to  thin  layer 
and  column  chromatography.  An  Ih  situ  preparation  of  XXVI 
was  attempted  since  the  preconstructed  portion  of  the  macro- 
cyclic  ligand  was  unable  to  be  isolated.  The  various  combin- 
ations of  starting  materials  employed  in  the  previous  experi- 
ments were  again  tried,  limiting  reagents  to  stoichiometric 
mixtures.  The  idea  was  to  add  a metal  ion  to  the  combined 
mixture  of  condensing  reagents  soon  after  they  had  been  mixed. 
Busch*  and  co-worhera  have  utilized  successfully  this  procedure 
in  the  synthesis  of  several  roaerocyclio  systems.  The  delayed 
introduction  of  the  metal  ion  may  allow  the  metal  ion  to 
operate  through  the  thermodynamic  template  effect,  although 
it  is  possible  that  the  metal  might  be  orienting  the  organic 
molecules  and  thus  be  operating  through  the  kinetic  template 
effect  also.  Accordingly,  a delay  of  approximately  five  min- 
utes passed  before  the  metal  was  added  to  the  mixture  of  re- 
acting components.  Two  variations  were  used  from  this  point 
in  the  experimental  scheme.  The  first  avenue  was  to  attemot 
the  isolation  of  the  metal  complex  of  the  desired  trimer  (XXVI), 
then  to  react  this  product  with  the  chosen  a-dicarbonyl  to 
complete  the  macrocyclization.  The  isolation  of  the  desired 
complex  was  rendered  impossible  by  the  inclusion  of  several 
other  metal-ligand  products,  one  of  which  was  likely  to  be 
the  bis-hydrazone  complex  as  indicated  by  comparison  of  the 
infrared  spectra  of  some  reaction  product  with  an  authentic 


sample.  Failure  to  isolate  the  desicea  triroer  ligand  complex 
led  to  another  approach,  because  it  was  assumed  that  some  of 
the  desired  trimer  complex  product  has  been  formed  in  solution; 
accordingly,  the  ring  closing  o-dicarbonyl  was  added  directly 
to  the  reaction  mixture.  Numerous  changes  in  reaction  con- 
ditions were  tried  after  isolation  of  the  final  macrocycle 
was  not  achieved  but  in  all  cases  the  collection  techniques 

After  an  extensive  alteration  .of  reaction  parameters 
failed  to  produce  macrocyclic  complexes  from  the  initial  react- 
ants chosen,  it  was  apparent  that  some  basic  changes  must  be 
introduced  in  the  reactive  species.  In  an  effort  to  alleviate 
some  of  the  polymerization  problems  encountered  above,  but  still 
focus  on  the  formation  of  imine  linkages,  a new, approach  was 
attempted.  The  new  method  incorporated  bifunctional  molecules 
in  which  there  was  s difference  in  the  reactivity  of  the  two 
groups.  Continuing  with  the  reaction  between  amines  and  car- 
bonyls, it  seemed  best  to  vary  the  reactivity  of  the  carbonyls. 
Focusing  on  the  carbonyls  was  due  mainly  to  the  fact  that  the 
nitrogen  atoms  in  the  starting  molecule  is  limited  to  one  bond 
other  than  the  two  bonds  containing  hydrogen  atoms  needed  for 
the  condensation  reaction.  This  other  bond  must  be  joined 
to  an  atom  which  will  become  a part  of  the  basic  ring.  This 
atom  would  have  to  have  groups  bonded  to  it  to  alter  the  react- 
ivity of  the  primary  amine  function  and  this  places  the  groups 
used  for  altering  the  reactivity  of  the  amine  at  least  one 
atom  repovod  from  the  NH;  moiety.  A carbonyl  is  capable  of 
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having  additisnal  groups  attached  directly  to  the  carbon 
atom  containing  the  doubly  bonded  oxygen.  This  allows 
substituents  in  closer  proximity  to  the  carbonyl  which  might 
allow  a greater  alteration  of  reactivity.  Varying  the  groups 
attached  to  the  carbonyl  has  additional  advantages,  hone  of 
substituents  would  be  incorporated  into  the  basic  ring  of 
the  macrocycle.  Too,  the  substituent  group  would  be  pointed 
away  from  the  basic  macrocycllc  ring  allowing  for  minimum 
steric  hindrance  if  bulky  groups  were  chosen  for  bonding  to 
the  carbon.  However,  a slight  disadvantage  from  the  steric 
requirements  of  carbonyl  substitution  is  that  the  substituent 
is  held  in  the  same  plane  as  the  carbon  atom  to  which  it  is 
joined  and  the  nitrogen  atom  ultimately  used  for  coordination. 
This  poses  the  potential  problem  of  the  groups  causing  some 
deviations  in  the  plarity  desired  for  the  macrocyclic  ring. 

The  molecules  chosen  to  provide  a difference  in  the 
reactivity  of  the  two  carbonyl  groups  were  pyruvaldehyde  and 
phenylglyoxal,  structure  (IVc)  and  (IVd)  respectively.  It 
was  anticipated  that  the  greater  reactivity  of  the  aldehyde 
group  would  provide  enough  differentiation  in  the  reactivities 
of  the  two  carbonyl  groups  that  the  step-wise  condensation 
would  halt  at  the  trimer  XXIV  and  at  least  reduce,  if  not 
retard  completely,  the  polymerisation. 

The  formation  of  a trimer  containing  one  dihydrasone 
unit  and  two  dicarbonyl  units  was  still  the  primary  goal, 
structure  (XXIV) . This  product  night  then  be  closed  by 
reacting  with  a diamine  molecule  as  planned  in  the  previous 
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reaction  scheme.  Initial  attempts  were  directed  at  preparing 
and  isolating  the  ligand  trimer. 

A yellow  solid  was  obtained  by  slow  addition  of  a solution 
of  the  dihydrasone  to  a solution  containing  a large  excess 
of  phenylglyoxal . The  product  was  insoluble  in  water  and 
most  common  organio  solvents.  An  infrared  spectrum  of  the 
product  contained  only  a small  absorption  in  the  1700  cm  ‘ 
region  and  the  maas  spectrum  showed  peaks  at  much  higher  m/e 
values  than  that  of  the  desired  product,  both  observations 
indicating  that  polymerisation  Had  taken  place.  Variations 
in  the  temperature  of  the  reaction,  addition  rate  and  length 
of  reaction  produced  products  very  similar  to  above  insofar 
as  the  polymeric  character  is  concerned. 

In  this  latter  approach  as  well  as  those  described 
previously,  variations  in  acid  catalysis  were  tried.  If  no 
additional  proton  acid  was  placed  in  the  reaction  mixture, 
the  system  reacted  at  a moderate  rate  as  evidenced  by  the 
appearance  of  a yellow  color  within  approximately  one  half  hour. 
If  extra  acid  such  as  one  drop  of  6M  hydrochloric  is  added, 
the  formation  of  intense  yellow  chloration  and  solid  appears 
almost  instantaniously.  This  observation  is  consistent  with 
the  proposed  mechanism  discussed  in  the  introduction,  however, 
the  differences  in  rate  are  rather  drastic.  The  product 
isolated  was  similar  in  both  the  catalyzed  and  uncatalyzed 

One  additional  variation  used  involved  an  attempt  to 
isolate  a one  to  one  ligand  product,  structure  (XXVII).  In 
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this  procedure,  very  dilute  solutions,  approximately  10"' 
to  lO'^K,  of  the  dihydrasone  and  phenylglyoxal  were  simul' 
tancously  added  to  a flask  under  varying  temperatures  and 
addition  rates.  Again,  these  reactions  produced  polymeric 
compounds  similar  in  composition  and  properties  to  the  2il 
stoichiometry  used  in  the  previously  mentioned  experiments. 
Because  a direct  synthesis  of  the  precursor  ligand 
(XXIV)  was  unsuccessful,  an  in  situ  preparation  was  attempted. 
Procedures  similar  to  those  employed  for  the  in  situ  attempts 
using  symmetrical  starting  materials  were  followed.  One  of 
the  template  effects  would  undoubtedly  be  operative  during 
the  reaction  sequence  to  produce  the  desired  product,  struc- 
ture (XXXV)  with  the  metal  complexed.  This  precursor  might 
require  coordination  of  carbonyl  groups  to  the  metal  if  a one 
to  one  ligand  to  metal  ratio  was  prepared.  Although  it  is 
hnovm  that  the  strength  of  a carbonyl -metal  coordinate  bond 
is  weak,^^  the  chelate  effect  of  the  ligand  as  a whole  might 
enhance  the  stability  of  the  product  and  render  feasible  Its 
isolation.  The  reactions  attempted  in  which  the  glyoxaldi- 
hydrasone  was  added  to  a solution  of  a metal  and  phenylglyoxal 
in  wnich  the  raactantc  were  'present  in  the  stoichiometric 
ratio  of  lil:2,  respectively,  yielded  no  isolable  product. 

In  other  trials,  the  metal  ion  in  solution  was  added  to  a 
previously  nixed  solution  of  the  glyoxaldlhydrazone  and  the 
phenylgyloxal,  where  the  reactants  were  present  in  a 1:1:2 
stoichiometric  amount,  and  again  did  not  result  in  the  success- 
ful isolation  of  a complex.  Blacetyldihydraaone  and  pyruv- 


aldehyde  were  substituted  in  additional  trials.  The  netal  ion 
chosen  to  provide  the  template  effect  was  varied  between  Mi (It) 
and  Cu(II),  both  as  the  .hydrated  chloride  salt.  It  was  pro- 
posed that  the  carbonyl  groups  did  not  provide  sufficient 
bond  strength  to  allow  isolation  of  (XXIV)  although  it  might 
be  present  in  solution  for  finite  periods  of  tine.  If  the 
complex  (XXIV)  was  present  in  solution,  it  could  bo  reacted 
and  removed  from  solution  with  a diamine  compound  to  close 
the  ligand  structure.  The  results  cf  reactions  tried  by 
adding  a diamine  such  as  o-phenylenediaaine  (XXV)  after  die 
metal,  the  dihydrarone  and  the  phenylglyoxal  had  been  reacted 
by  one  of  the  sequences  outlined  above  produced  a different 
product  than  when  the  diamine  was  absent.  However,  a simple 
macrocyclic  complex  could  not  be  isolated  from  any  of  the 
trials.  The  product  isolated  by  addition  of  the  o-phenylene- 
diamine  proved  to  be  the  £-phenylenediamine  complex  of  tha 
metal.  A framework  molecular  model  of  the  proposed  cyclic 
product  showed  that  considerable  steric  hindrance  is  present 
and  night  have  been  the  reason  that  no  microcyclic  product 
was  formed,  rather  than  the  fact  that  none  of  trimer  was 
present  in  the  conple.ted  state. 

Unable  to  prepare  the  desired  ligands  by  any  of  the 
previously  describod  procedures,  the  author  directed  attention 
to  another  tvpe  of  molecule  to  condense  into  imine  containing 
molecules.  Reactants  were  desired  which  could  condense  but 
which  would  limit  tha  possibility  of  polymerization.  The 
type  of  molecule  chosen  possessed  only  one  carbonyl  group 


capable  of  condensation.  Tbe  second  carbonyl  group  of  the  raole- 
cule  was  rendered  unreactlve  for  ioilne  foramtion’'  by  previously 
forming  the  acetal  {XXVIII}.  A decision  was  made  to  synthesize 
trimers  of  the  type  (XXIX)  which  would  Chen  be  incorporated 
into  a final  cyclic  ligand.  The  acetal  can  be  hydrolyzed  bac)c 
to  the  carbonyl  by  a proton  acid.’’  It  was  postulated  that  a 
metal  ion  might  also  hydrolyze  the  acetal  and  thus  give  (XXIV) 
which  could  then  be  condensed  witli  a diamine  compound  to  complete 
the  oyclization.  The  postulated  hydrolysis  of  the  acetal  by  the 
metal  ion  was  bom  out  in  the  following  work  but  the  desired 
macrocycles  were  not  isolated. 

Most  of  the  experiments  involving  reactants  containing  pro- 
tected carbonyls  utilized  biacetylsemiketal  (XXVIII,  BASK):  glyox- 
alsemiacetal  (XXVIII,  GSA) : pyruvaldehydesemiacetal  (.XXVIII, 

PVA) ; or  o-aminobenzaldohydedimethylacetal  (XXXb,  OABA) . 

GSA  was  reacted  with  GDH  (XXIIIa)  in  the  presence  of  Nidi) 
)ioping  to  generate  (XXIX)  which  could  then  react  with  a diamine 
to  close  the  organic  ring.  Addition  of  o-phenylenediamine  or 
ethylenedlamine  after  the  GSA,  GDH  and  Ni(II)  were  allowed  to 
react  for  five  minutes  in  the  ratio  of  2:1:1  caused  the  forma- 
tion and  subseguent  isolation  of  the  diamine  complex  of  Ni(II). 

The  GSA  was  extremely  difficult  to  prepare  and  further  investi- 
gation was  halted  due  to  the  lack  of  compound  and  the  unfavor- 
able results  noted  aJsove. 

BASK  (XXVIII)  proved  to  be  much  easier  to  prepare  and 
several  experiments  were  designed  to  try  to  incorporate  this 
moiety  into  part  of  a ligand  structure  which  would  culminate 
in  a macrocyclic  product.  No  reaction  was  observed  when 
condensation  of  two  molecules  of  BASK  (.XXVIII)  with  1 molecule 
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of  GSIl  (XXIIla)  vas  attanoted  in  methanol  media,  unless  a 
drop  of  concentrated  hydrochloric  acid  was  present.  The 
conclusion  that  no  reaction  had  occurred  was  based  on  the 
results  of  thin  layer  chromatography  of  the  reaction  mixture 
and  the  starting  materials.  ;Jo  apparent  new  spots  were  ob- 
served from  the  reaction  mixture  while  the  spots  present 
corresponded  to  starting  materials.  It  was  suggested  that 
perhaps  the  silica  coating  on  the  plate  might  be  hydrolysing 
the  protective  groups'  and  therefore  that  the  Rj  values  noted 
actually  corresponded  to  the  respective  dicarbonyl  coc^ounds. 
This  possibility  was  not  checked  extensively  as  it  didn't 
seem  to  be  critical  whether  Uie  absolute  composition  of  the 
spots  were  known,  but  simply  whether  any  of  the  starting 
material  had  been  consumed  to  form  a condensation  product. 
Positive  results  were  beginning  to  appear  by  another  syn- 
thetic route  and  further  checking  of  this  point  did  not 
seem  warranted  under  those  conditions. 

The  product  formed  in  the  presence  of  acid  catalysis  was 
extremely  similar  to  the  products  Isolated  from  the  reaction 
of  GDH  with  unprotected  dicarbonyl  cmpcunds.  This  was 
presuneably  due  to  tho  hydrolysis  of  the  acetal  groupings 
and  then  polymerization  of  the  resulting  bifunctional  molecule. 
The  acid  addition  was  used  in  order  to  help  catalyze  the 
inline  formation  from  the  "free"  carbonyl  of  BASK  and  amine 
groups  of  GOU.  However,  the  fact  that  no  condensation 
product  was  observed  in  this  case  without  acid  and  the 
apparent  unreactive  nature  of  B.ASK  in  many  of  the  experiments 
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attenpted  in  this  laboratory  points  to  the  fact  that  the 
■free"  carbonyl  is  not  reactive  towards  inine  formation  in 
the  absence  of  a catalyst.  Unfortunately,  the  catalyst  to 
increase  the  rate  of  "free"  carbonyl  reaction  apparently 
also  hydrolyzes  the  ketal  groupings  leaving  a path  for  poly- 
merization. Consequently,  no  desired  luacrocyelas  were  pro- 
duced by  the  use  of  BASK  as  a building  block  of  the  ligand. 

Aqueous  hydrazine  was  added  to  BASK  and  no  apparent 
reaction  took  place  oven  at  elevated  temperatures.  A reaction 
of  BASK  with  OOOAAB  was  tried  on  a 1:1  ratio  in  methanol  with 
no  reaction  observed  at  various  temperatures.  A metal  was 
introduced  into  the  OODAAB  and  BASK  reaction  in  an  effort  to 
produce  (XXXt)  with  the  driving  force  possibly  being  the 
formation  of  a tetradentate  ligand  if  condensation  of  the 
■free"  carbonyl  occurredand  then  the  ketal  grouping  was  sub- 
sequently hydrolyzed  by  the  metal.  The  metal  addition  pro- 
duced some  of  the  metal  azo  complex  (Xll)  but  none  of  [XXXI) 
was  isolated.  One  further  modification  was  triad  by  adding 
0A3  (XXXa)  to  the  OODAAB.  BASK  and  metal  mixture.  It  was 
hoped  that  the  OAB  would  condense  with  any  of  (XXXI)  that 
might  be  present  to  form  t&e  closed  maerocyolic  complex  (XXXII). 
This  would  have  exemplified  the  kinetic  template  effect,  how- 
ever, the  template  effect  apparently  was  working  with  a dif- 
ferent ligand  system  because  the  product  isolated  was  the 
OAB  tetrameric  macrocycle  (XIV)  reported  by  Busch  and  his 
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It  was  suggested’’  after  investigating  the  results  of 
the  experiments  incorporating  protected  molecules  that  steric 
interactions  might  be  causing  the  unreactlve  nature  of  the 
protected  molecules.  Framework  Molecular  Models  of  BASK 
{XXVIIh),  GSA  (XXVllla)  and  PVA  (XXVlllc)  definitely  demon- 
strated the  congestion  present  in  these  molecules  that  might 
prevent  attack  of  the  "free™  carbonyl  carbon  by  a nucleophile. 
More  detailed  considerations  of  the  kinetics  night  or  might 
not  reveal  that  this  is  the  case  but  the  explanation  is  at 
least  consistent  with  the  results  observed  by  this  autJior. 

In  view  of  the  inability  to  obtain  condensation  products 
from  BASK  while  still  containing  a protected  carbonyl,  it  was 
decided  to  try  some  other  protected  molecules.  The  compound 
OAB  (KXXa)  was  an  attractive  molecule  to  use  as  abuilding 
block  in  macrocyclic  ligand  design.  However,  it  had  the 
serious  drawback  of  reacting  with  itself.  In  the  absence  of 
metal  ions,  it  forms  the  trimer  (XXXIl)  while  in  the  presence 
of  metal  ions,  it  forms  the  tetrameric  macrocycle  (XIV).  This 
work  had  shown  that  these  reactions  tended  to  predominate 
even  in  the  presence  of  other  potential  condensing  reagents. 
The  attractiveness  of  using'the  OAB  in  constructing  the  ligand 
led  to  attempts  to  modify  the  OAB  to  prevent  the  self  conden- 
sation. The  best  route  seemed  to  be  the  preparation  of  the 
acetal  of  OAB  (xxxb) . This  would  leave  the  amine  group  free 
to  condense  with  carbonyls  present  on  other  molecules  but 
presumably  not  with  the  protected  carbonyl  of  otlier  OAB  mole- 
cules. There  was  some  question  about  the  purity  of  (XXXb) , 


127 


the  protected  OAB,  which  was  prepared  by  making  the  acetal 
of  2-nitrobensaldehyde,  then  reducing  the  nitrogen  group  to 
the  amine  by  hydrogenation  over  a platinum  catalyst.  This 
concern  was  due  to  the  improper  integration  of  the  amine  pro- 
tons obtained  on  the  nnr  speetruro.  However,  thin  layer 
chromatography  showed  only  one  spot  for  the  compound  as  pre- 
pared. The  material  was  used  as  collected  when  attempts  at 
distillation  resulted  in  decomposition  of  the  oil. 

Surprisingly,  a condensed  product  was  not  obtained  when 
the  OAB' acetal  {XXXb)  was  mixed  with  aqueous  glyoxal  under 
various  conditions.  The  protected  OAB  was  also  mixed  with 
biacetyl  tivb)  to  attempt  a condensation  although  there  was 
not  optimism  about  obtaining  a product,  since  there  apparently 
was  no  reaction  with  the  more  reactive  carbonyl  functions  of 
glyoxal.  Mo  product  was  isolated  a.nd  It  was  decided  to  employ 
the  template  effect  by  adding  a metal  ion  to  the  mixture  of 
the  OAB  acetal  and  the  dicarbonyl.  Reaction  occurred  when 
the  metal  was  introduced,  however,  the  product  was  the  OAB 
tetramer  (XIV) . It  was  becoming  apparent  that  the  Schiff 
base  formation  was  not  as  spontaneous  in  many  cases  as  had 
been  hoped  and  that  changing  conditions  t 
aation  also  favored  the  acetal  cleavage, 
protecting  groups  then  left  a pathway  f 
reactions,  such  as  polymerization,  to  t 
additional  experiment  was  tried  on  the  chance  that  the  two 
reactants  might  condense  under  conditions  not  destroying  the 
protecting  groups.  In  this  case,  BASK  and  OABA  were  mixed  in 
a stoichiometric  ratio  to  hopefully  form  the  dimeric  compound. 
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This  did  not  prove  successful  even  with  netal  addition. 

Another  aoleoule  chosen  as  a potential  building  block 
of  a Kacrocyclic  ligand  u^as  diaminonialeonitrile  {XXXIII,  DAMN). 
This  molecule  appeared  to  be  favorable  because  it  contained 
two  primary  amine  groups  capable  of  Schiff  base  formation 
and  would  also  provide  conjugation  through  the  double  bond 
joining  the  carbon  atoms  which  bond  the  amino  groups.  The 
conjugation  was  possible  without  using  a benzene  ring  to 
incorporate  the  double  bond  joining  the  adjacent  amine  groups. 
It  was  hoped  that  the  use  of  this  soalier  molecuie  with  the 
polar  cyanide  groups  would  present  less  stcric  hindrance  in 
certain  ntacrocycles  and  might  improve  the  solubility  character- 
istics of  the  final  cyclic  complex  in  polar  solvents.  The 
DA/'TJ  was  prepared  by  the  method  of  Bredereck,  et.  al . , ^ 
which  proved  to  be  quite  lengthy  and  sensitive  to  apparatus 
and  catalyst  surface  condition  while  the  starting  materiel 
was  highly  poisonous  hydrogen  cyanide  gas.  The  product  is 
now  commercially  available  at  a reasonable  price  from  Terra 
Marine  Bioresearch  of  California.  No  desired  product  was 
isolated  when  condensations  were  attempted  between  DAMN  and 
dicarbonyl  compounds  (glyoxal  or  biacetyl)  under  various 
conditions  and  stoichiometries.  Linear  polymerization  and 
cyclization  to  form  six-membered  rings  (XXXIV)  were  the  main 
reactions.  Separate  experiments  attempting  to  form  the  bis 
or  tris  DAMN  complexes  of  Co(II),  Ni(Il),  Fe(Il)  and  Cu(II) 
suggested  that  the  DAMN  compound  was  rearranging  or  becoming 
oxidized  in  some  fashion  during  experimentation  as  amorphous 
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compounds  with  varying  properties  u 
was  discontinued  with  this  material  since  the  instability  of 
DAfiV  simply  compounded  the  fact  that  many  other  reaction 
routes  were  possible  in  addition  to  the  desired  condensation. 

Another  early  attempt  at  macrocycle  synthesis  involved 
a different  type  of  reaction.  This  approach  used  the  reaction 
of  fomaldehyde  with  amines.  A review  by  Farrar*  ” on  this 
subject  Indicated  that  formaldehyde  had  the  capability  of 
joining  two  primary  amine  groups  through  methylene  linkages 
(XXXV) .'  This  occurred  in  ptefetenoa  to  the  formation  of  two 
separate  imine  functions  which  is  possible  in  principle 
because  formaldehyde  contains  a carbonyl  group  and  could 
undergo  a Schiff  base  condensation.  The  formaldehyde  reaction 
is  not  limited  to  primary  amines/  but  can  also  proceed  with 
secondary  amines,  the  only  requirement  being  that  the  nitrogen 
atom  contain  at  least  one  hydrogen.  The  formaldehyde* amine 
reaction  was  employed  to  join  the  amine  groups  of  a previously 
prepared  bis  glyoxaldihydrazone  complex  leading  to  a formu- 
lation as  shown  in  (XXXVI) . Although  the  resulting  macro- 
cycle  would  not  have  been  conjugated,  it  might  have  been 
possible  to  introduce  some  additional  unsaturation  into  the 
comple.x  by  selective  oxidation  after  it  was  isolated,  since 

The  experiments  attempting  to  enusloy  the  formaldehyde- 
amine  linking  process  did  result  in  some  type  of  reaction 
taking  place.  The  procedure  followed  was  that  of  preparing 
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niclcel,  cobalt,  iron  or  copper  in  solution  without  isolating 
ther..  This  reaction  mixture  slurry  was  deaerated  with  a 
stream  of  nitrogen  and  then  had  a stoichiometric  excess  of 
deaerated  aqueous  formaldehyde  added  after  which  the  reaction 
mixture  changed  from  a ruet-red  slurry  to  a dark  red-brown 
solution.  Reducing  the  volume  of  the  final  reaction  mixture 
did  not  yield  any  visible  precipitate  until  the  last  few 
drops  of  solution  were  left.  The  precipitates  produced  ware 
not  of  a crystalline  nature  and  appeared  to  be  mixtures  as 
viewed  thru  a microscope.  However,  by  accident  it  was  noted 
that  the  residue  from  the  reaction  using  Cu(Il)  as  the  metal 
ion  produced  an  intense  deep  purple  color  when  treated  with 
sulfuric  or  perchloric  acids.  This  particular  observation 
appeared  to  be  quite  unusual  in  view  of  the  acid  sensitivity 
of  the  bis  hydrazone  complexes.*"'”*  The  color  formation  on 
treatment  with  one  of  the  two  acids  coupled  with  the  obser- 
vations of  the  color  change  of  the  reaction  mixture,  the 
physical  differences  between  the  solid  isolated  and  the  bis 
hydtasone  complex,  and  finally  the  fact  that  the  infrared 
spectra  of  the  solid  isolated  contained  only  small  absorptions 
in  the  3400-3SO0  cm”'  region  were  all  taken  as  evidence  that 
reaction  had  occurred  in  the  systemv  The  colored  complex 
formed  on  the  addition  of  sulfuric  or  perchloric  acid  was 
stable  for  many  days  and  was  pH  dependent.  The  color  could 
be  changed  to  a green  by  addition  of  solid  sodium  bicarbonate 
and  raising  the  pH  of  the  solution  to  a value  somewhat 
less  than  one.  The  color  cliangos  were  reversibler  liowever, 
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the  stability  of  the  graancomplex  was  not  as  great  and  a 
reduced  intensity  of  purple  color  was  generated  if  the  green 
solution  was  left  standing  for  over  one  half  hour  before  the 
readdition  of  concentrated  sulfuric  of  perchloric  acid. 
Hydrochloric  acid  treatment  of  the  solid  resulted  in  a green 
colored  solution,  while  addition  of  nitric  acid  caused  de- 
composition of  the  material  upon  contact.  It  would  be  entirely 
consistent  with  these  results  that  soma  type  of  acid-base 
phenomenon  is  operating  in  these  systems.  There  are  many 
examples  of  amine  compounds  used  as  dyes  in  which  the  colors 
are  quite  pH  dependent. ‘ Host  effort  was  devoted  to  the 
study  of  this  phexxonenon  and  consequently  little  work  was 
directed  towards  the  iaolation  of  the  macrocycle  from  the 
oriqinal  reaction  mixture.  Even  though  the  ultimate  goal  of 
isolating  the  macrooyclio  caoplex  (XXXVI)  was  not  accomplished, 
this  particular  area  of  macrocycle  investigation  eeeina,  in 
retrospect,  to  contain  some  promising  observations  and  may 
well  prove  to  be  quite  fruitful  it  reopened  to  investigation. 
This  would  seem  to  be  especially  attractive  in  light  of  the 
work  of  Curtis”'’  ’ in  which  a new  macrocyclic  ligand  was 
accidently  formed  by  the  coupling  of  two  amine  groups  by  a 
carbonyl  containing  coLipound. 

One  otiier  area  which  deserves  closer  scrutiny  and  which 
was  investigated  along  this  line  would  be  the  use  of  gaseous 
formaldehyde  as  the  reactant  with  a bis  hydrazone  complex. 

This  was  attempted  to  presumably  alleviate  the  majority  of 
be  causing 


theorized  might 


soree  problans  in  the  isolation  o£  the  acid  generated  purple 
cromplex.  It  had  been  noted  that  water  seeaed  to  deeonpose 
the  rad-brown  precipitate  created  by  evaporating  the  bis 
hydtazone-formaidehyde  reaction  mixture.  Therefore,  dry 
gaseous  foraialdehyde  was  generated  and  passed  over  the  solid 
bis  hydrazone  complex.  A reaction  appeared  to  take  place  as 
evidenced  by  a color  change,  but  the  majority  of  the  effort 
was  focused  upon  the  species  created  by  tho  acid  treatment 
of  the  reaction  product. 

Thus,  the  previous  attempts  did  not  result  in  isolation 
of  the  desired  products  even  though  the  methods  looked  feasible 
on  paperi  porhaps  with  a bit  more  persistence,  some  of  the 
products  might  have  been  recovered  in  small  yields.  Never- 
theless, synthetic  macroeyelic  ligands  continued  to  appear 
In  the  literature.  In  almost  every  case,  the  synthesis  had 
been  carried  out  in  the  presence  of  metal  ions.  Either  the 
metal  seemed  to  be  essential  for  product  formation  or  to 
greatly  enhance  the  yield.  Consideration  of  the  successful 
preparations  reported  made  it  apparent  that  a specific  feature 
of  the  condensing  molecules  was  reoccurring  in  these  syntheses 
even  though  not  explicitly  pointed  out  in  any  of  the  articles. 
Namely,  at  least  one  of  the  molecules  involved  in  the  conden- 
sations contained  a donor  atomts)  not  involved  directly  in 
the  condensation.  Furthermore,  the  additional  donor(sJ  was 
situated  between  the  reacting  groups  contained  on  the  same 
molecule.  Tho  utility  of  this  feature  is  most  likely  connected 
to  the  template  effects  caused  by  the  metal  ion.  The  non- 


the  metal 


reacting  donor  could  conceivably  coordinate  to 
hold  the  molecule  in  the  appropriate  orientation  and  vicinity 
of  the  other  molacale(a)  until  reaction  occurs  completing  the 
ligand  eycliaation  (see  Introduction). 

The  description  of  the  worh  utilising  the  postulated 
concept  above  is  included  in  the  preceeding  subsections  as 
it  represents  a different  approach  and  resulted  in  the  isola- 
tion of  some  of  the  desired  products.  The  results  of  this 
work  tend  to  support  the  donor  postulate  although  no  kinetic 
data  was  taHen  to  attempt  a proof.  However,  it  is  also  obvious 
that  simple  incorporation  of  molecules  with  this  property 
into  a synthetic  scheme  is  not  sufficient  to  assure  production 
or  isolation  of  macrocyclic  complexes. 


CHAPTER  III 


EXPERI’lEItTAI. 


Apparatus 

Spectror.gters -Solution  and  mull  spectra  in  the  visible 
and  ultraviolet  regions  were  obtained  using  a Cary  Model  14  or 
a Beckman  d:<-2A  recording  spectrophotometer.  Hull  spectra 
were  obtained  by  using  a nujol  mull  spread  on  a tissue  sus- 
pended in  the  beam.  Infrared  spectra  wore  obtained  using  a 
Perkin-Elner  137  Sodium  chloride  Spectrophotometer  and  a 
Perkin-Elmer  337  Grating  Infrared  Spectrophotometer.  All 
Infrared  data  were  calibrated  against  polystyrene.  The 
pressed  potassium  bromide  pellet  technique  was  used.  HHR 
spectra  were  obtained  on  Vartan  Associates  Model  ASOA  and 
Model  HalOO  nuclear  magnetic  resonance  spectrometers  using 
tetranethylsilane  as  a reference.  Mass  spectra  were  obtained 
on  a Hitachi  Perkin-Elmer  Model  a'!U  6E  spectrometer. 

Vaoor  pressure  osmcmeter-The  apparent  molecular  weight 
determinations  were  performed  in  t-his  lab  by  using  a Meohrolab, 
Inc.  Model  302  vapor  pressure  osmometer  except  when  the  sol- 
vent employed  was  dimethyl  sulfoxide.  Repeated  attempts  to 
stabilize  the  instrument  for  the  calibration  procedure  with 
DMEO  were  unsuccessful  even  though  other  solvents  were  success- 
fully used  before  and  after  this  work.  It  turns  out  that 
DMSO  is  a particularly  difficult  solvent  to  use  in  this  type 


s confiCTiad  by  tha  nanufacturer' a applicationa 
tixperta.  Howeverr  one  person  on  their  staff  had  apparently 
been  able  to  get  reliable  results  with  DMSO  on  at  least  one 
previous  occasion.  Or.  Bill  Beck  of  Hewlett  Packard.  Avondale, 
Pa.,  offered  to  collect  data  on  two  samples  dissolved  in  DMSO 
and  performed  the  work  at  an  operational  temperature  of  BS^C 
using  a Hewlett  Packard  model  302  B Vapor  Pressure  Osmometer 
in  conjunction  with  a Hewlett  Packard  Model  7127  strip  chart 
recorder  running  at  0.25  in/min. 

Melting  point  joparatus-A  Thomas  Hoover  "Uni-melt” 
capillary  melting  point  apparatus  was  employed;  the  tempera- 
tures are  uncorrected. 

Analvses-Carbon,  hydrogon,  and  nitrogen  analyses  were 
performed  by  Galbraith  Laborstories , Inc.,  and  Penninsular 
Chem  Research,  Inc.  .Metal  analyses  were  initially  obtained 
by  using  a Perkin-£lner  .Model  290B  atomic  absorption  spectro- 
meter. All  samples  were  analyzed  in  aqueous  solutions  after 
digesting  the  complex  almost  to  dryness  in  a 3:1  mixture  of 
concentrated  nitric  and  perchloric  acids.  The  metal  analyses 
reported  herein  were  performed  by  the  EDTA  back  titration 
procedure  described  in  the  experimental  procedures  section. 

Centrifuoe-Centrifugation  vjas  performed  on  an  International 
Equipment  Co,  clinical  centrifuge  Model  CL.  For  sample  sizes 
larger  then  50  ml  or  when  greater  speeds  were  desired,  a 
larger  Model  RVllO  from  the  same  firm  was  employed. 

Conductance  eguioront-Conductance  measurements  were  made 
1 supplied  by  Beckman. 


s type  S 


I conductance  c 


The  cell  constant  was  0.1212  cm*'  and  all  solutions  were 
continually  mixed  by  an  internal  magnetic  stir  bar.  A Jar.r- 
Mclntyre  Conductivity  Bridge  previously  described' “ was 
employed  and  the  measurements  were  made  at  10  K Hr.  The 
constant  temperature  bath  was  approximately  50  gal.  in  size 
and  equipped  with  two  circulating  pumps.  The  bath  was  filled 
with  transparent  transformer  oil  and  regulated  to  25. OOOi . 005’C 
by  a Yellow  Springs  Instrument  Co.  Model  72  temperature  regu- 
lator. The  units  of  conductance  obtained  were  mho  cm 
specific  conductance. 

Vacuum  oven-Samples  were  dried  under  vacuum  at  elevated 
temperatures  with  a National  Appliance  Co.  model  EAA  vacuum 

Guov  spparatus-'laqnet  susccptibilies  were  determined  by 
the  Guoy  method  using  equipment  described  previously  in  greater 
detail. The  magnet  used  was  a Varian  Associates  Model 
V-40004  equipped  with  four-inch  cylindrical  pole  pieces, 
separated  by  an  air  gap  of  2h  inches.  .A  varian  Associates 
Model  V-2301-A  current  regulator  was  used  to  provide  a 
constant  current  (tl  x 10"'  amp)  and  was  poirered  by  a Varian 
Associates  ;X)del  V-2300-A  power  supply.  The  maximum  field 
strength  attained  was  6815  oersteds.  The  :iagnetic  field  was 
calibrated  using  mercuryfll)  tetrathiocyanatocobaltate (II) . " * 
The  cryostat  and  temoerature  control  apparatus  used  were  of 
the  basic  design  of  Figgis  and  ?]yholm.  * Temperatures  between 
95*  and  400*K  could  be  maintained  within  tfl.l  degree  as 
determined  by  a platinum  resistance  thermometer.  The  sample 


tube  was  mace  of  a cylindrical  piece  of  quarts,  approximately 
3.5  mm  inside  diameter  and  17  cm  in  length  which  was  sealed 
at  one  end.  .iporoximataly  16  cm  was  used  for  containing  the 
samolo  volume.  It  was  suspended  in  the  cryostat  from  a semi- 
micro  balance  by  a gold  chain  attached  to  a tapered  Teflon 
plug.  The  diamagnetic  correction  of  the  tube  was  measured 
as  a function  of  the  temperature  between  95*  and  400*.  A 
Hfittler  Slodel  B-6  semi-micro  balance  of  0.01  mg  sensitivity 
was  used  to  measure  the  force  exerted  by  the  magnetic  field 
upon  the  sample.  Most  weighings  of  laboratory  chemicals  were 
performed  on  a Hettler  Analytical  Model  B balance. 


Chemicals 

Reaaents-Unless  otherwise  specified  all  chemicals  were 
eomercially  available  reagent  grade  and  were  used  without 
further  purification. 

Kater-Distilled  water  used  for  all  solutions  was  obtained 
by  distillation  of  deionised  water  from  alkaline  potassium 
permanganate  in  an  all  glass  apparatus.  It  was  stored  in 
pyrex  glass  bottles  prior  to  use. 

o,o*-Pia-^ir.c3zoben2ene  (OQOAAS)tA  modification  of  the 
procedure  of  Carboni,  et.  al..  was  followed. To  a stirred 
mixture  of  45  g (0.5  mole)  of  o-phenylenediamine  ICastman 
Chemical)  in  2i  of  bensene  was  added  239  g (1.0  mole)  lead 
dioxide  (Matheson,  Colman,  and  Bell).  The  mixture  was 
stirred  for  1-2  hours  after  which  the  mixture  was  retlu.-<ed 
for  3-4  I'.ours.  The  cooled  suspension  was  filtered  axid  130  ml 
eoncontratod  hydrochloric  acid  added  to  precipitate  the  amine 
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salt  frora  tlio  filtrate.  The  hydrochloride  salt  was  collected 
by  filtration  ajid  suspended  in  300  al  of  water.  The  pH  was 
adjusted  to  9.0  with  concentrated  sodium  hydroxide.  The 
gummy  suspension  was  then  extracted  with  methylene  chloride 
with  sore  difficulty,  using  200  ml  portions  until  no  signifi- 
cant color  was  obtained  in  the  new  methylene  chloride  layer. 

The  combined  portions  of  methylene  chloride  were  then  dried 
with  magnesium  sulfate  and  filtered.  The  organic  solvent 
was  removed  from  the  filtrate  leaving  a dark  brownish-orange 
solid.  This  solid  proved  to  be;a  mixture  of  several  components 
which  simple  reorystallization  could  not  separate.  The 
bentene  soluble  portion  of  the  solid  was  taken  up  in  a miniraum 
amount  of  benzene  and  eluted  with  benzene  tJ\rough  a large 
(B  cm  X 80  cm)  column  filled  with  60-200  mesh  silica  gel 
(idatheson,  Coleman,  and  Sell).  Removal  of  the  benzene  from 
the  middle  fraction  left  the  pure  compound,  which  was  very 
bright  red  orange  in  color.  The  other  components  were  not 
characterized. 

yield:  10.0-21.4  g (23-509);  m.p.  132-134'’Ci 

lit.  m.p.  133-134-C.  " ‘ 

3 ^ 6-Pyr joined imp thanol-This  compound  was  prepared  by  the 
reduction  of  the  n-butylester  of  2,6-pyridina  dicarboxylic 
acid  with  lithium  aluminu-m  hydride  by  the  method  of  Jonee 
and  Komfield''*  or  used  as  purchased  from  Aldrich  Chemical  Co. 

2.6-Pvridinedicarboxaldehyde-A  modification  of  the 
method  of  Papadopoulos,  et.  al.”  was  employed.  Sixty  grams 
of  freshly  prepared  manganese  dioxide''®  was  suspended  in  500  nl 
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Of  chlorotora  containing  5.7  g of  2 , S-pvriciinediraethanol : 
the  mixture  was  stirred  at  reflux  Cor  5 hours,  filtered,  and 
the  oxide  washed  with  five  100  ml  portions  of  ether.  The 
filtrates  were  combined  and  evaporated  under  reduced  pressure. 
The  residue  was  taken  up  in  a miniinura  amount  of  a solvent 
803  bonaane  and  201  ethylacetato.  This  was  placed  on  a 
silica  gel  (60-200  mesh,  Matheson,  Coleman,  and  Bell)  column 
and  eluted  with  the  same  mixture  collecting  the  middle  portion 
050  ml)  after  discarding  the  first  75-100  ml.  The  desired 
fraction  was  reduced  in  volume  to  50  ml  and  the  solution  was 
placed  in  a refrigerator  over  night.  The  white  crystals  were 
collected  by  suction  filtration  and  washed  twice  with  hensene. 

yield!  3.5  g (643) i m.p.  122 . S-124 .5»Ci 

lit.  m.p.  124*C'“ 

2 ,6-Pyridlncdiacetylbishydraaone-A  modification  of  the 
procedure  of  Curry,  et  al.®“  was  followed.  Five  grams 
(0.3  mole)  of  2,6-diacetylpyridine  was  dissolved  in  ISO  ml 
absolute  ethanol  and  this  solution  added  dropwlse  to  a stirred 
solution  of  10-12  g 643  hydrazine  (Matheson,  Coleman,  and  Bell) 
kept  at  10®C.  Stirring  was  continued  overnight  as  the  tempera- 
ture slowly  increased  to  room  temperature.  The  crude  product 
was  collected  on  a sintered  glass  funnel  and  recrystalliaed 
from  absolute  ethanol.  Repeated  attempts  to  purify  the 
product  by  recrystallization  were  unable  to  lower  the  m.p. 
to  the  reported  value  of  181®C.'*‘’  However,  only  one  com- 
ponent was  shown  by  thin  layer  chromatography  using  various 
eluents. 

Yield;  5.1  g (051);  m.p.  185-190*C;  lit.  m.p.  IBl'C.*''' 
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2.6-Pvric!;nedicarboxalgehvdebt«nvdraione-ft  modification 

of  the  method  reported  by  Stoufer  and  Soach‘“  was  foUoved. 

Two  grams  of  2 , 6-pyridinedicarbo*yaidehyde  (0.015  mole)  in 
35  ml  warm  absolute  ethanol  was  added  dropwise  with  stirring 
to  an  excess  of  64%  hydraaine  (Matheson,  Coleman,  and  Bell) 
which  had  been  diluted  with  appronimately  10  ml  absolute 
ethanol.  Stirring  was  continued  for  fifteen  minutes  and  the 
solution  placed  in  the  refrigerator  overnight.  A few  crystals 
had  formed  by  the  next  morning.  However,  to  ensure  complete 
reaotion,  tho  solution  was  warmed  and  stirred  for  an  additional 
4 hours  at  approximately  35-40*C.  It  was  then  cooled  to  O'C, 
and  the  white,  well-formed  crystals  were  collected  and  washed 
with  cold  absolute  ethanol  on  the  sintered  glass  funnel. 
Recrystallisation  from  absolute  ethanol,  yielded  a product 
with  only  one  component  as  indicated  by  thin  layer  chromato- 
graphy, but  again  with  o malting  point  slightly  higher  than 
that  previously  reported. 

Yieldi  1,8  g (7S%):  n.p.  143-45'C;  lit.  m.p.  130-135'C. ‘ ‘ 

Clvoxaldlhvdraione-This  compound  was  prepared  by  a mod- 
ification of  the  method  of  Fisher  and  Stoufer.*  Thirty- 
six  ml  (0.33  mole)  of  approximately  40%  aqueous  glyoxal 
(Fisher  Scientific  Co.)  was  added  dropwise  from  a separatory 
funnel  into  a 250  ml  beaker  submerged  In  an  ice  bath  and 
equipped  with  a magnetic  stirrer.  The  beaker  contained  75  ml 
(1.2  moles)  of  a solution  of  64%  aqueous  hydraaone  (Matheson, 
Coleman,  a-nd  Sell)  which  was  stirred  constantly  throughout 
the  addition.  Mo  oroeiuitate  was  observed  immediately  as 
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stated  in  the  reference.  Stirring  was  continued  for  another 
3 hours  as  the  ter.iperature  gradually  increased  to  room  temp- 
erature because  the  ice  surrounding  the  beaker  was  allowed  to 
oelt.  The  solution  was  then  placed  in  the  refrigerator  over- 
night. SSeaoval  of  the  beaker  showed  only  traces  of  a pre- 

and  the  volume  reduced  from  -120  ml  to  50  ml.  An  off-white 
colored  solid  was  observed  and  the  slurry  was  transferred  to 
a sintered  glass  funnel  and  filtered.  The  filtrate  was 
orango-yollow  and  the  crystals  were  light  yellow  until 
washed  with  -10  ml  of  HjO  followed  by  -10  ml  of  951  ethanol 
after  which  the  product  was  white.  The  solid  was  placed  in 
a vacuum  dessicator  and  dried  vacuo  over  Drierlte.  Care 
was  taken  to  protect  the  reaction  mixture  and  the  crystals 
(especially  while  damp)  from  the  light  as  yellow  discoloration 
appeared  rapidly. 

yield:  10.9  g (39%);  m.p.  98-99. S*C: 

lit.  m.p.  97-99*C. • 

Blacet-.'ldihydrazone-A  procedure  similar  to  the  glyox- 

five  ml  (2.0  moles)  of  64%  aqueous  hydrasine  U-tatheson, 
Coleman,  and  Bell)  was  placed  in  a 240  ml  beaker  Immersed 
in  an  ice  bath.  To  this  was  added  dropwise  43  ml  (0.3  mole) 
of  biacetyl  (Fisher  Scientific  Co.)  while  the  resulting 
solution  was  stirred.  A tvhite  solid  formed  and  became  so 
voluminous  that  adequate  nixing  of  the  additional  biacetyl 


and  the  1< 


remained 
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layer  on  too.  The  systc.i  was  than  nixed  with  a glass  rod. 

The  solid  collected  by  ciltration  was  very  yellow  in  color; 
washing  witli  IIsO  or  ethanol  did  not  remove  the  yellow  colora- 
tion. Due  to  its  sparing  solubility  in  HjO  or  ethanol,  the 
solid  was  dissolved  in  warm  D!1F  containing  Horit  and  refiltered. 
The  light  yellow  solution  was  cooled  producing  a white  pre- 
cipitate which  was  collected  by  filtration  and  washed  with 
a small  portion  of  DHF  followed  by  2 portions  of  ethanol. 

Yield:  23  g (35%):  ra.p.  ISS-ISS'C;  lit.  m.p.  158“C.‘'“ 

2 ,g-21occt'’lnvridine-?his  was  purchased  from  Aldrich 
Chemical  Co.  and  recrystallized  from  6Q-9B“  petroleum  ether, 
m.p.  79-80'C. 

2-:!itrobonzaldehvdedimethylacetal-Similar  procedures 
to  those  of  Baumgarten,  et  al. , ‘ ’ were  followed  in  this  pre- 
paration. Coccierically  available  2-nitrobenzaldehyde  {Aldrich 
Chemical  Co.)  was  dissolved  in  2S0  ml  of  absolute  ethanol  to 
which  10  drops  of  concentrated  hydrochloric  acid  and  3.75  g 
anhydrous  calcium  chloride  (Fisher  Scientific  Co.,  4 mesh)  was 
added.  The  mixture  was  placed  in  a dessicator  over  anhydrous 
calcium  chloride  and  out  of  intense  light  for  7 days.  It 

inckrodt  Chemical  V)or)<s)  in  methanol.  The  solution  deepened 

was  placed  on  the  rotary  evaporator  to  remove  the  solvent. 

After  only  slight  volume  reduction,  an  oily  "mass"  began  to 
appear.  The  flask  was  removed  and  100  nl  of  ethyl  ether  was 
added  followed  by  103  ml  of  water.  The  water  layer  was 


rendered  colorless  after  being  washed  with  another  100  b1  of 
ether.  The  ether  washings  '«re  combined  and  placed  on  the 
rotary  evaporator  to  renove  the  solvent.  The  resulting  oily 
mass  (250  ml)  was  distilled  using  boiling  sticks  at  a pres- 
sure of  2.5  mm  with  the  distillate  collected  in  the  range 
11«.5-11B.5'C.  Nearly  all  of  the  material  distilled  within 
this  range  yielding  a yellow-green  oil. 

Platinum  dloxide-This  compound  was  either  prepared  by 
the  method  of  Adams,  etal.,^**  or  purchased  from  Matheson, 
Coleman,  and  Boll. 

2-A-iinobontaLd3hvdgdimnthvlacetal-Hydrogenation  of 
previously  prepared  ^-nitrobenzaldehydedimethyiacetal  was 
attempted  using  an  apparatus  prepared  by  Dr.  David  Schooley 
in  this  laboratory.  Approximately  25  g of  platinium  dioxide 
was  placed  with  10  ml  of  methanol  in  the  reaction  chamber, 
stirred  vigorously  while  the  chamber  was  flushed  5 times  with 
nitrogen,  and  then  filled  with  hydrogen.  Hydrogen  uptake 
was  allowed  co  proceed  until  no  longer  evident.  The  o-nltro- 
benzaldehydedinethylacetal  (20.00  g,  0.101  mole)  in  -40  ml 
absolute  methanol  was  added  t.hrough  a side  arm  with  care 
being  ta);en  not  to  introduce  any  oxygen.  The  stirred  mixture 
was  allowed  to  react  for  20  hours  consuming  an  excess  of  0.3 
percent  of  the  calculated  volume  of  hydrogen  required.  After 
hydrogen  uptake  had  ceased,  the  system  was  evacuated  and 
flushed  4 times  with  nitrogen.  The  mixture  was  removed  and 
Che  platinum  catalyst  removed  by  filtration.  The  filtrate 
was  then  transferred  to  a 220  ml  round-txstton  flask  fitted 


via  around  giaas  joints  to  a Kjaidahl  trap  and  placed  on  a 
rotary  evaporator  to  rcrtve  the  solvent.  The  oil  which 
remained  after  wanning  the  flask  to  40*C  in  vacuo  was  collected, 
the  yield  being  100%  (16.9  g)  of  the  theoretical.  The  crude 
product  as  collected  showed  an  appropriate  MHR  spectrum  but 
integration  of  the  NHj  proton  absorption  was  slightly  low. 
Attemptsd  distillation  of  the  crude  product  under  reduced 
pressure  decomposed  the  compound  so  the  oil  was  used  directly 
without  further  purification. 

Glvo«alscri'’cotal-Thi8  compound  was  prepared  with  some 
difficulty  in  cooperation  with  Dr.  n.J.  Gilroy  following  the 
method  of  Fischer  and  aaer.“’  A second  method  suggested  by 
Dr.  O.A.  Schooley' " involved  the  preparation  of  acrolein 
acetal,  formation  of  the  epoxide  following  the' method  of 
Emmons  and  Pagans’^'  and  then  cleaving  the  epoxide  with 
periodic  acid  using  the  procedure  of  'laerkor  and  Haoberer.  ‘ 
Neither  method  was  successful  in  producing  quantities  suf- 
ficient for  further  study. 

Biacetvlhvdraror.caaine-This  compound  was  graciously 
Dtovided  by  Dr.  Frank  ft.  Seder  who  used  the  method  of  Stratton 
and  Busch’"  to  prepare  the  material. 

Biacatvlazine-sine  ml  of  95*  hydraaine  (0.27  mole)  was 
added  dropv;ise  with  rapid  stirring  to  a mixture  of  49  g 
(0.56  mole)  biacetyl  and  25  ml  water  cooled  in  an  ice  bath. 
After  the  formation  of  a yellowish  color.  500  ml  of  water  was 
added.  The  solution  beca.ne  cloudy  as  the  ice  melted  and 
allow'cd  tha  mixture  to  warm.  Further  v/arming  clarified  the 


14S 


solution  and  it  was  warned  to  -35'C  and  stirred  for  3 hours. 

The  solution  was  placed  in  the  refrigerator  over  night  and 
white  needle-shaped  crystals  were  fonaed.  These  were  fil- 
tered, pressed  with  filter  paper  and  allowed  to  dry  in  a 
stream  of  dry  nitrogen.  The  method  of  preparation  is  essent- 
ially that  of  Stratton  and  Busch.” 

Yield!  15  g (331)!  ra.p.  33-36"C!  lit.  n.p.  32-34.” 

Analysis  for:  CsHisSsO:. 

Calculated:  C,  57.21;  H,  7.20;  S,  16.75. 

Found!  C,  55.26;  H,  6.75;  N,  16.79. 

Biacotylsenikctal-Br.  Sodor  also  provided  this  compound 
having  used  a modification  of  a patent  procedure”’  to  prepare 

Diamlnonaleonitrile-The  lengthy  and  sensitive  method 
of  Bredereck,  et  al. , ' was  followed  to  prepare  this  compound. 
The  product  is  now  commercially  available  from  Terra  Marine 

Formaldehyde  (caseous) -A  slurry  of  25%  paraformaldehyde 
(Fluka  AG)  in  white  mineral  oil  (b.p.  35O-6S0»F)  was  heated 
to  115-19Ci"C  and  carried  by  a stream 'of  dry  nitrogen  into 
the  reaction  chamber.  An  alternative  method  is  described  by 

o-Phenylone=i.»nine-The  procedure  described  in  Fieser”® 
was  followed  for  recrystallization.  The  recrystallized 
product  was  minimally  eijposed  to  light  while  still  damp.  The 
product  was  dried  thoroughly  in  '.'acuo  and  kept  in  a dark 


bottle.  The  product  vas  quite  eceble  as  long  as  it  was  dry 
and  not  opposed  to  light. 

Prop adores 

Xnaivsis  o£  the  percent  corapoBltion  of  nickel  and  copper 
in  various  cocolexGS-R  preweighed  sample  of  the  solid  complex 
was  placed  in  a 50  ml  beater  to  which  was  added  ~30  ml  of  a 
3:1  mixture  of  concentrated  nltria  and  perchloric  acids.  This 
was  digested  to  almost  dryness  on  a hotplate  and  diluted  to 
-SO  ml  with  water,  taking  care  to  wash  the  digesting  beaker 
very  thoroughly.  The  pH  of  the  resulting  solution  was  then 
raised  to  10  by  adding  .7.5  M ammonium  hydroxide.  A known 
volime  of  0.01000  M disodium  ethylonediaminetetraacetate 
(Fisher  Scientific)  was  added  in  excess  of  that  required  to 
complex  all  available  nickel(ll).  Two  or  three  drops  of  a 
solution  of  Erlochrome  Black  T (T.T.  Baker  Chemical  Co.)  was 
the  added  as  an  indicator.  Then  the  mixture  was  titrated 
with  '0.01  M sine  (II)  chloride  solution  which  had  previously 
been  standardised  against  t)te  EDTA  solution  to  determine  its 
exact  concentration.  This  procedure  ellowed  calculation  of 
the  amount  of  ()i(II)  present  based  on,  the  total  amount  of 
EDTA  present  initially  and  the  amount  of  Zn(II)  needed  to 
consume  the  remaining  EDTA  not  complexed  by  the  Ni(II).  The 
method  is  similar  to  that  described  by  Flaschka." ° A procedure 
identical  to  that  used  for  nickel  was  followed  for  the  analysis 
of  copper  except  that  Murexide  was  used  as  the  indicator. 

Prepnratlcn  of  [7i  (J05.~.\°-:n  Cll -A  solution  of  0.200  g 
(0.94  mmole)  OOOAAB  dissolved  in  40  ml  of  absolute  ethanol 
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was  added  droawise  with  continuous  stirrin?  to  a warmed 
(S5*C)  nixcura  of  20  ml  each  of  water  and  absolute  ethanol 
containing  0.  224  g (0.94  m.-nol)  of  nicheldl)  chloride  he*a- 
hydrate  (Allied  Chemical).  An  iaeiediate  color  change  from 
yellow  green  to  dark  purple  resulted  upon  the  addition  of  the 
aao  compound.  The  solution  was  kept  at  55®C  for  3 hours, 
then  the  solid  present  was  colieeted  by  filtration  on  a 
sintered  giass  funnel.  The  solid  was  washed  two  times  with 
absolute  ethanol  and  two  times  with  diethyl  ether.  The 
solid  was  then  dried  overnight  in  a vacuum  dessicator. 
yields  0.23  g SO!  theoretical. 

Analysis  fort  Mi  (Ci  rH  i i-J*. ) CL 

Calculateds  C,  47.19;  H,  3.63;  S,  18.35:  »i,  19.22. 
Found:  C.  46.95;  H,  3.54;  H,  18.20;  Si,  19.01. 

Preparation  of  Cli  (i70DAA3-HlBrl-A  solution  of  O.SOO  g 
OODAA9  (2.3  m.-iole)  in  200  ml  absolute  ethanol  was  added  drop- 
wise  with  stirring  to  a solution  of  anhydrous  nickel  bromide 
(0.54  g,  2.3  miaola  from  K 6 K Laboratories)  dissolved  in  250  ml 
absolute  ethanol  at  55“C.  A color  change  to  purple  as  well 
as  the  formation  of  a precipitate  was  immediate.  The  solution 
was  continuously  stirred  for  6 hours  while  the  teisperature 
was  maintained  at  '55“C.  The  solid  was  collected  and  washed 
as  above  and  placed  in  a vacuum  dessicator  overnight, 
yield:  0.64  g 809  theoretical. 

Analysis  for:  Ni (C i i iMg ) Br. 

Calculated:  C.  41.20;  H,  3.17;  N,  16.01:  Hi,  16.78. 

C.  41.47:  H,  3.36;  S.  16.29;  Hi,  16.48. 


?re'-.i> ratio.",  of  [Ni  IQ0aaA3-!l!  :.~0  , l-ft  procedure  similar  to 
the  abcve  bromide  preparation  was  followed  using  -250  nl  of 
an  absolute  ethanol  solution  of  nickel (Illnitrate  hexahydrate 
(0.684  g,  2.3  nmole  from  J.T.  Baker  Che.nical  Co.)  with  the 
OODAAS  <0.501  g,  2.3  msiole)  in  absolute  ethanol  being  added 
slowly.  The  precipitate  was  digested  and  collected  as  above 
and  dried  in  vacuo  overnight. 

Yield:  0.61  g 801  theoretical. 

Analysis  for:  Ni (Ci  iHi  iKi. ) NOi 

Calculated:  C,  43.42:  K,  3.34j  N,  21.10:  Hi,  17.68. 

Found:  C,  43.53;  H,  3.49;  N,  21.48;  Ni,  17.69. 

Prcn.iratien  of  (Vi  lOoa.V.d-Hl SCSI -Following  the  procedure 
used  for  the  bromide  complex  above,  anhydrous  nickel (ID thio* 
cyanate  (0.412  g,  2.3  mnolc  from  K & K Laboratories  in  ..250  ml 
absolute  ethanol  had  "200  ml  absolute  ethanol  solution  of 
000AA3  (0.502  g.  2.3  mmole)  added  slowly  with  stirring.  The 
precipitate  which  formed  in  the  blue  solution  was  digested 
and  collected  as  above,  then  dried  ^ vacuo. 

Yield:  0.45  g 609  theoretical. 

Analysis  for:  Hi (C i 2H i ) SCN . 

Calculated:  C,  47.60:  H,  3.38;  H.  21.35j  Ni.  17.90. 

Found:  C,  47.42:  H,  3.29;  N.  21.09;  Ni,  17.34. 

Preparation  of  (.11  rooo.\’.3-H}CK :COO] -The  procedure  for  the 
bromide  preparation  was  followed  using  0.385  g (2.3  mmole) 
nickel  (ID  acetate  tetrahydrate  (Alfa  Inorganics)  and  0.500  g 
(2.3  mmole)  OOD.'wVB.  Collection  and  handling  of  precipitate 
was  the  same  as  above.  The  solid  was 


extremely  stringy  i: 


in  nat.ro  and  cuite  voluminoua  as  coir.pared  to  tha  analogous 
oonplexos. 

Yield:  0.42  g 55%  theoretical. 

Analysis  for:  Mi (C i iH i jHi 1C jHjOj • 

Calculated:  C,  SI. 11;  H,  4.29:  S,  17.03i  Hi,  17.94. 

Found:  C,  51.19:  H,  3.99:  K,  17.33:  Si,  19.16. 

Freaaralion  of  tCu tOODAAB-Hl Cll -This  coiapoiind  was  prepared 
using  the  nethod  described  above  for  (Si  lOODAAB-H) Cl] . Cupric 
chloride  dihydrate  in  the  amount  of  0.399  g (2.3  mmole)  was 
used  along  with  0.500  g (2.3  mmole)  OODAAB.  Collection  and 
treatment  was  the  same  as  for  the  nickel  complex. 

Yield:  0.50  g 705  theoretical. 

Analysis  for:  Cu (Ci :Ht  |Nu ) Cl 

Calculated:  C,  46.35;  it,  3.57;  N,  16.06:.Cu,  20.99. 

Found:  C,  46.71;  H,  3.43:  !1,  17.92:  Cu,  20.27. 

Preparation  of  (Cu (OODAAB-H)‘iO: ] -Preparation  and  collec- 
tion was  effected  by  Ecllowing  the  same  method  ns  for  the 
chloride  complex  using  0.566  g (2.3  iwnole)  of  cupric  nitrate 
trihydrate  and  0.500  g (2.3  nmole)  OODAAB. 

Yield:  0.50  g 655  theoretical, 

Analysis  for:  Cu (C: sHi iS. )SOi 

Calculated:  C,  42.00;  it,  3.29:  N,  20.90:  Cu,  19.86. 

Found:  C,  43.00:  H.  3.31;  N,  20.74;  Cu,  10.50. 

Preparation  of  [Hi (aaokeeonaer) Cl i 1 by  the  "template 
reaetlon"-The  niolcelous  chloride  hexahydrate  (Allied  Chemical) 
and  the  2 ,6-diaeetylpyrldine  (Aldrich  chemical,  recrystalliaed 
from  petrolcu.'Q  ether)  were  dissolved  in  approximately  100  ml 


of  absolute  ethanol  in  the  amounts  of  0.449  g (0.0019  mole) 

round-bottoiTi  three-necked  flask  equipped  with  a magnetic 
stir  bar.  This  solution,  light  yellow  in  color,  was  brought 
to  reflux  and  then  four  drops  of  concentrated  hydrochloric 
acid  were  added.  This  was  followed  by  dropwise  addition  from 
a 125  ml  separatory  funnel  connected  by  ground  glass  joints 
of  0.402  g (0.0019  mole]  OODAAB  dissolved  in  approximately 
100  ml  of  absolute  ethanol.  This  mixture,  which  turned  a 
purple  color  on  addition  of  the  aro  compound,  was  refluxed 

filteri  the  small  amount  of  solid  separated  was  discarded. 

The  brown  filtrate  was  placed  in  a 600  ml  beaker  and  stirred 
with  a magnetic  stir  bar  while  approximately  300  ml  diethyl 
ether  was  added  dropwise  from  a separatory  funnel.  The 

exposed  to  the  atmosphere  until  dry.  when  the  surface  of  the 
filtrate  just  reached  the  solid  in  the  filter,  suction  was 
removed  and  about  30  ml  diethyl  ether  added  and  stirred  with 
the  solid  on  the  filter,  then  the  suction  was  replaced  and  the 
surface  level  brought  to  the  top  of  the  solid.  This  process 
was  repeated  two  more  times.  On  the  third  ether  wash,  a funnel 
hooked  to  the  line  nitrogen  source  was  placed  over  the  filter 
and  after  the  ether  was  removed  by  suction  through  the  filter 


0.75  g 845  theoretical  with  the  percent 
yield  on  other  praparationa  ranging  from 

40  to  est. 

Analyais  fors  Si  (C<  iHnNs  ICli 

Calculated:  C.  53.78:  H.  3.54;  S,  14.93;  Ni>  12.52. 

Pound!  C,  53.64:  H,  3.75;  N,  14.82;  Hi,  12.47 
These  figures  represent  an  average  of  five  analyses  on  five 
independently  prepared  samples.  The  precision  was  0.22, 

0.19,  0.23,  and  0.28  for  carbon,  hydrogen,  nitrogen  and 
nickel  respectively. 

preparation  of  fNi  fazokotomacriClgl  by  the  *'dolay  reaction"- 
The  order  of  addition  for  the  starting  materials  is  the  major 
change  freen  the  previous  preparation.  The  2,6-diacetyl- 
pyridine  (Aldrich  Chemical,  recrystallized]  and  OOOAAB  in 
Che  amounts  of  0.0796  g (0.00048  mole)  and  0.1015  g (0,00048 
mole) , respectively,  were  added  as  solids  Co  a 125  ml  3-necked 
round-bottom  flask  equipped  with  a magnetic  stir  bar  and  con- 
denser. The  flask  contained  approximately  80  ml  absolute 
ethanol  at  reflux  and  2 to  3 drops  of  concentrated  hydro- 
chloric acid  were  added  immediately  after  addition  of  the 
ketone  and  aro  compounds.  This  solution  was  kept  at  reflux 
for  three  minutes  after  which  time  0.1130  g <0.00048  mole) 
of  nickel (Il)chloride  hexahydrate  dissolved  in  about  20  ml 
absolute  ethanol  was  added  all  at  once.  The  refluxing  was 
continued  for  20  hours  after  which  the  product  was  collected 
in  an  identical  manner  to  that  described  under  the  "template 
reaction"  preparation.  The  product  yielded  an  identical 


the  [Si JajoketoraacrlClii  prepared  by 


"ter'plate  retrrion". 

Yield:  0.17  g 75i  theoretical. 

Analysis  for:  Hi (Cj iHi jNslClj 

Calculated:  Ni.  12. S2. 

Found:  Si,  12.31. 

Preparation  of  [Ni (a20ketonaer)Cl2 1 using  [Si fOQDAAS-H}Cl] 
as  a starting  material-Previously  prepared  [Ni (OODAAB-H) Cl] 
(0.2003  g,  0.00006  mole}  was  added  as  a solid  to  approxiruttely 
60  ml  of  refluxing  absolute  ethanol  in  a 125  ml  3-neched 
rou.nd-botton  flasX  equipped  with  a niagnetio  stir  bar  and 
condenser.  Immediately  after  the  addition  of  the  complex, 
0.1088  g (0.00066  mole)  of  2 , 6-diacetylpyridine  was  added  as 
well  as  5 or  6 drops  of  concentrated  hydrochloric  acid.  The 
initial  purple  color  changed  fairly  rapidly  to  brown  a 
characteristic  color  of  the  maorocycle.  Reflux  was  continued 
for  20  hours  after  which  the  product  was  collected  in  a 
similar  fashion  to  the  previous  two  preparations. 

Yield:  0.25  g 81%  theoretical. 

A.nalysis  for:  Si  (Ca  iH  1 7S j )C1  a 

Calculated:  Si,  12.52. 

Founda  Si,  12.59. 

Preparation  of  [si (asoaldomacr)Cli 1 bv  the  "template 
reaction" -SicXelous  chloride  hexahydrate,  0.9498  g (0.004  mole) 
and  0.S412  g (0,004  mole]  2 , 6-pyrinedialdehyde  were  dissolved 
in  approximately  500  ml  absolute  ethanol  at  70*C  contained 
in  a 1.0  liter  l-neehed  round  bottom  flask  equipped  with 


condenser.  The  temperature 
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lowered  to  42-3”C  end  0.8497  g (0.004  mole)  OODAAB  dissolved 
in  approximately'  450  ml  of  absolute  ethanol  at  room  tempera- 
ture was  added  dropwiso  over  a period  of  O’l  hours.  The 
solution  turned  the  familiar  purple  color  of  the  [Ni (OODAAB-H) Cl] 
oomplex  upon  addition  of  the  first  few  drops  of  the  aso  solu- 
tion but  soon  turned  to  the  brown  color  similar  to  that  of 
the  aioketomacr  complex.  The  solution  was  kept  at  42-43"C 
for  12  hours  and  then  was  reduced  in  volume  to  about  450  ml 
using  a water  aspirator.  The  heating  controls  were  not 
altered,  thus  the  temperature  was  maintained  at  approximately 
room  temperature  even  with  the  evaporation  proceedii^.  The 
volume  reduction  took  three  hours  at  which  time  the  product 
was  forced  out  of  solution  by  slow  addition  of  450  ml  diethyl 

[Ni(asoketoraacr)Clj|  preparation.  After  producing  the  nitro- 
gen dried  complex,  the  solid  from  this  preparation  was  placed 
in  a vacuum  oven  at  70'C  over  P,Ou  ^ vacuo  for  a period  of 
eight  to  twelve  hours. 

yield;  0.72  g 404  theoretical. 

Analysis  for;  Mi (C| iH| iH;)Cl: 

Calculated:  C,  51.75;  H,  2.97;  M,  15.88;  Mi,  13.31. 

Pound:  C,  51.78;  H.  3,11;  N,  15.97;  (Ji,  13.13. 

These  values  represent  an  average  of  three  analyses  on  three 
independently  prepared  samples.  The  precision  was  .17,  .08, 
and  ,37  for  the  carbon,  hydrogen  and  nitrogen  respectively. 

Preparation  of  [tli  (asineketomacrlCl  i ) -nickel  (II)  chloride 
hexahydrate  to  the  extent  of  0.951  g (0.00400  mole]  plus 


G.653  Q fO.OG*jOO  ciol«)  , 6-diacacyipyridine  were  dissolved 
in  330  ml  absolute  ethanol  and  the  mixture  was  brought  to 
reflux  at  which  point  one  drop  of  concentrated  concentrated 
hydrochloric  acid  was  added.  A solution  of  0.76S  g (0,00400 
mole)  2,6-diacetylpyridinebishydrazone  in  300  ml  of  warmed 
absolute  ethanol  (40"C)  was  added  dropwise  with  stirring 
through  a separatory  funnel.  The  mixture  was  refluxed  for 
an  additional  ten  hours.  A water  aspirator  vacuum  was  hoo)ted 
to  the  apparatus  to  remove  part  of  the  solvent.  The  solution 
attained  an  equilibrium  temperature  of  approximately  40* 
while  the  solvent  was  reduced  to  a volume  of  250  ml.  The 
solution  was  kept  at  40*c  for  an  additional  two  hours  and 
then  filtered  in  a manner  similar  to  the  [Ni (aaoketomacr) Cla) . 
The  nitrogen  dried  sample  was  then  placed  in  vacuo  for  ten 

yield:  0,48  g 274  tlieoretical. 

Analysis  for:  Nt (Cj ,Hi ,Ni ) Cli 

Calculated:  C,  48.26:  H,  4.05;  N.  18.76j  Ni,  13.10. 

C,  48.22:  H,  3.92:  S,  18.56:  Ni,  13.10. 


CHAPTER 


SOMHARV 

The  preparation  of  two  new  macrocyclic  ligand  complexes, 
6,12-dimethyl-7,ll-nierilo-llH-dibsnrofo,n) [1 ,2 ,5 ,13] tetra- 
atacyclopentadeccnenickal (III chloride  (va)  and  7 , 11-nitrilo- 
llg^dibento  lc,n] 11,2.5,13] tetraaeacyclopentadocinsnlchel (II)- 
ohloride  (Vb) , was  acccmpliahed  by  acid  catalysed  Schiff 
base  condensation  of  o,o'-diaminoazobensane  (OODAAB)  and 
either  2,S-diacetylpyridine  or  2 , 6-pyridinedlcarboxaldehyde, 
respectively.  The  ligand  was  prepared  only  in  the  presence 
of  Hi  (ID  ion  and  could  not  be  subsequently  isolated  by 
removing  the  metal  with  cyanide  or  sulfide  ions  under  a 
variety  of  conditions.  The  complexes  were  characterised  by 
infrared,  ultraviolet  and  visible  spectra,  by  molecular 
weight  determinations  employing  vapor  phase  osmometry,  and 
by  conductance  and  temperature  dependent  magnetic  suscepti- 
bility determinations.  The  results  of  these  studies  are 
consistent  with  a formulation  of  each  of  the  complexes  as 
a (li(II)  surrounded  by  a tenaciously-held,  planar,  quadra- 
dentate  ligand  with  two  loosely-held  chloride  ions  in  the 
axial  positions. 

The  anomalous,  temperature-independent  magnetic  moments 
are  1.20  and  2.20  B.H.  for  (Va)  and  (vb) , respectively.  The 
complex  (Vb)  was  shown  to  follow  unequivocally  the  Curie-weiss 
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law  be-tween  4*  and  400*K  wliersas  the  complex  (Va)  studied 
over  the  seme  range  exhibits  a slight  deviation  in  the 
versus  T"K  plot  within  the  region  100*-300’K.  The  only  other 
characterization  in  which  the  two  structurally  related  com* 
plexes  differed  significantly  is  their  ultraviolet -visible 
spectra.  These  differences  in  the  temperature-dependent 
magnetic  susceptibilities  and  the  spectra  mentioned  may 
reflect  slight  structural  differences  which  Framework  Molecular 
Models  predict  would  be  caused  by  steric  interactions  result- 
ing in  a slight  puckering  of  the  basic  mscrocyolic  ring  of 
the  complex  (Va)  . Both  complexes  exhibit  thermal  stability 
to  300“C  and  can  withstand  contact  of  concentrated  mineral 
acid  at  elevated  temperatures  for  periods  of  several  hours, 
a characteristic  reported  for  other  macrocyclic  complexes. 

A third  macrocycle.  2,5,ll,14-tetramethyX-3,4,12,13,19,20- 
hexaazatricyelo[13.3.1.l‘''’leicosa-l(19) ,2,4,6,8,10(20),11,- 
13.15 . 17-decaenenickel {II } chloride  (Via),  was  prepared  and 
characterised  by  elemental  analysis  and  infrared  spectral  and 
room  temperature  magnetic  susceptibility  measurements.  Numscous 
attempts  to  prepare  two  closely  related  complexes.  <VIb)  and 
evic) . were  unsuccessful.  However,  the  preparation  of  the 
three  macrocycles  mentioned  above  opens  an  interesting  and 
new  area  of  research  in  macrocyclic  complexes  containing 
nitrogen-nitrogen  bonds. 

A series  of  complexes  [H (OODAAB-H) X)  have  been  prepared 
and  characterised  where  M * Midll  or  Cu(II)  . and  X * Cl", 

Br".  SCM".  NOi"  or  OAc"  and  (OOOAAB-H)  = the  tridentate 


ligand  OODAAB 


minus  one  amloe  proton.  Again  the  complexes 
ware  characterited  by  infrared,  ultraviolet  and  visible  spectra, 
magnetic  susceptibilities,  apparent  molecular  weights  and 
elemental  analysis.  The  data  collected  are  entirely  consis- 
tent with  a formulation  of  these  complexes  as  neutral,  square- 
planar  species.  This  series  of  complexes  should  provide  a 
convenient  starting  material  for  the  preparation  of  macroeyclio 
ligands  containing  the  nitrogen-nitrogen  double  bond. 
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Forphrin  Skeleton 


XIa 

Corrin  Skeleton 


luO 


a)  Ri=R)sTI;  Qlyoxal 

b)  Ri-Rs^CHi;  biaoetyl 

c)  Ri*H,  Rz^CHa;  pyruvaldehyde 

d)  Ri=H,  Rj”»j  phenylflyoxal 

e)  R]*R  benzil 


Abbreviated  aa  [Ni  Cazoketoiaacr)Cls3 

b)  Ri»R2=H;  7,ll-!Utril.o-llH-dibenzo[c,nl 

11,2,5,13J  tetraazacyclopentadecineniclcel  [ID- 
chior Ida. 


Abbreviated  as  [Ki  (azoaIdomacr)Cl2] 


Abbreviated  as  [Ni (aslneketomacr) Cl s3 • 


b)  3,4,12,lJ,19,20-hexaazatricyclo- 

ll3.3.1.1*'*^]eicssa-lC19Jx2,4,6,8,10E20),ll,13,lS,17- 
decacnenickel f II) chloride 

Abbreviated  as  [Ni (azinealdontacr) CIi  1 . 


c)  Ri=H2”H<  Hj»R.=CHj j 2,14-diemthyl'3,4 ,12 ,13 <19 . 20-he*a- 
azatricyclo (13.3.1.1“'’"] eicosa-1 (19) ,2,4,6,8,10  (20) , 
11,13,15, 17-decaenenickel (II) chloride 

Abbreviated  as  INI (azinealdoketomacriClz ] 


There  will  be  no  structure  corresponding  to  this  roman 
numeral  in  order  to  avoid  confusion  with  the  anion  symbol. 
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Ri*R2*H;  glyoxaldihydrasone 
Ri^:-CH  j;  biacatyldihydrazone 
Ri=Bj=»r  benzildlhydrazone 


aj  glyoxalaemiacetal 

b)  Ri«R2aCH3;  biacetylaemUcetal 
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